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i Read Many Measurements 
| by a Quick Glance at 


Float Graph ("Airechart”) 


Each individual measurement is indicated by the position of 


a float in its respective Precisionaire column. 


The float positions form a characteristic pattern similar to a 
graph. It’s actually a quality control chart. The inspector 
sees at one quick glance whether the work part can be 
passed or should be rejected, and for what dimensions. No 
eye strain, no close concentration, no figures to remember, 
no confusion of multiple dial faces with the ‘Airechart.” 


Standard Precisionaire column instruments are made with 
one, two, three, four or five columns. Special Precisionaires 
can be built to include from 6 to 30 or more columns 
depending on the number of dimensions to be checked. 


For complete deta.ls on simultaneous multiple measurements 
with the Precisionaire, call your local Sheffield representa- 
tive, send prints to us or write for Bulletin CTP-491. 
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THE QUALITY INDEX No. Form Size 100 $00 


Quality Index. x x $1.50 $ 6.00 

3.00 12.00 
3.50 14.00 
3.50 14.00 


each 50c 
rd 
The Quality Index is adapt- 


able with any type of control chart 


R. G. BOCK P. Q. SCOPE provides for (1) measuring (2) recording (3) signaling productivity and ‘or 
the statistical quality level of a process. Exercises an added alerting influence upon operating person- 
nel by bringing below standard performance into focus for corrective action, while a job is running. 


Order direct from R. G. BOCK ENGINEERS ? iNDUSTRIAL MANAGEMENT 
Lincoln National Bank Building 1951 Irving Par!. toad + Chicago 13, Iilinois 
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Brown & Sharpe Electronic Amplifiers 
with built-to-order Gaging Fixtures 


Here's an unbeatable set-up for tast, low-cost 

precision inspection or gaging of many small parts 

that usually demand high-skilled measurements. 
Speciol gaging Gature made by Brawn & Sherpe fer Special gaging fixtures, custom-built by Brown & 
inspecting dimensions, side parallelism, and side Sharpe, can reduce exacting measurements 


squoreness of cutter blades. Employs 4 Gage Head toa simple speedy routine 
Cartridges .. . used with 4 Amplifiers. 


Employing versatile Brown & Sharpe Gage 

Head Cartridges, these low-cost fixtures in com- 

bination with Brown & Sharpe Electronic 

Amplifiers provide flexibility that enables gaging 

to be done right at the machine or production 

line. Work is easily checked by .0001” to 

.0000L", and measurements are visually magnified 

from 1800 to 18,000 times by the Amplifier . . . 

permitting operators to read ‘tenths’, or finer, 

as easily as inches. 

Investigate Brown & Sharpe Electronic Gaging 

Equipment for improving jour quality control. It 

can be applied for gaging thickness, length, 
angle, parallelism, diameter, 


taper or combinations 

of several dimensions. For details 
write Brown & Sharpe Mfg. Co., 
Providence |, R. L., U.S. A. 


WE URGE BUYING THROUGH THE DISTRIBUTOR 
Electronic 


Amplifier No. 950. 


Special gaging fixture, custommade by Brown & Custom-made fixture, employing Brown & Sharpe Gage 

Shorpe, permits goging of meter valve plate flatness to Head Cartridge and one Amplifier, simultaneously 

00001", when used with Brown & Shorpe Amplifier measures major and minor |.D.'s of tapered bores and 
indicates accuracy of internal angle 


& Sharpe 
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AL DAVIS APPOINTED TO NEW 
POST AT RIT 

Alfred L. Davis, our genial Execu- 
tive Secretary, has been named Di- 
rector of Public Relations at Roches- 
ter Institute of Technology. 

Al, who took over the newly cre- 
ated post on October 1, 1951, was 
Associate Director of the Institute's 
Evening and Extension Division 
since 1945. He joined the Institute 
staff as an instructor in 1938 after 
earning a Master's Degree in social 
science at Syracuse University. He 
is a graduate of Salem College in 
Salem, W. Va 

In 1941, Davis left RIT to become 
Chief Inspector of the Mechanical 
Parts Division at Bausch & Lomb 
Optical Company, where he organ- 
ized a training program in quality 
control. He served as the first Presi- 
dent of the Rochester Society for 
Quality Control and was one of the 
founders of ASQC. He rejoined the 
RIT staff in 1945 

The Society offers hearty congrat- 
ulations to Al on this well deserved 
recognition. 


INSTRUMENT GAGING IN SQC 

It is axiomatic that effective con- 
trol charts must depend on good 
data. Good data come only from 
reliable inspection techniques, and 
these, in turn, require having in- 
struments that can do the job. Thus, 
there must always be an intimate 
relation between adequate inspec- 
tion equipment and competent sta- 
tistical quality control 

This theme is developed in an in- 
teresting, 20-page pamphlet entitled 
“Instrument Gaging in Statistical 
Quality Control” available on re- 
quest from the Sheffield Corpora- 
tion, Dayton 4, Ohio. Some 14 case 
histories are pictorially presented 
with brief descriptive comments 

Visitors at the Sheffield evhibit 
during the ASQC Convention in 
Cleveland were invited to take home 
copies of this booklet. Additional 
copies are now available without 


charge to readers of IQC 


COVER PICTURE 
We are indebted to Alden’s, Inc. 
for this picture which shows a typi- 
cal control chart used in one of their 
several catalog order offices for he Ip- 
ing maintain accuracy on customer 

orders taken by te lephone 
As can be seen, the chart is promi- 
nently displayed near the activity 
where the work is being controlled 
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This TAFT-PEIRGE 
MAGNETIC CHUCK 


SS 


Built for Crompton & Knowles Loom Works. Note T-slots ta 
permit instant positioning. Pole pieces extend to extreme edges 
for greater working surface. Lines of force are so concentrated 
in work that machine and cutters are not magnetized. 


Here’s a 55!," 


x 40’’ Superpower Magnetic 
Chuck that holds several different designs and 
sizes of cast iron Loomsides flat within .002’ 
on a special 75 HP milling machine. With a table 
feed of 30"' per minute, three 18" carbide milling 
cutters and two 4” face mills take cuts from ! ,"’ 
to ',’’ in one pass. 

Many people said it couldn't be done without 
the aid of auxiliary face plates. But 


the special T-slot design plus the same extra 
holding power . . . more efficient design that go 
into all T-P Superpower Magnetic Chucks made 
this installation possible. 

When you need a magnetic chuck — standard 
or custom-made — be sure to specify a Taft-Peirce 
Superpower Magnetic Chuck. Write for our 
Magnetic Chuck Bulletin 410. 

THE TAFT-PEIRCE MANUFACTURING COMPANY 

Woonsocket, R. I Branch offices in all principal cites 
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ATTRIBUTES 
QUALITY ' CONTROL 
VARIABLES 


External screw threads 
And related specifications — 


squareness and concentricity 


Production and inspection control 
statis.ical or standard . 
Attribute or variables sampling 
plans, control charts, 


and 100% inspection. 


The proper gage to fit your 
system and provide top results 
with ease of operation 


and minimum maintenonce. 


JOHNSON GAGE COMPANY 


BLOOMFIELD, CONN., U. S. A. 
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Statistical Methods in 


Chemical Development’ 


= are many advantages in 
the use of statistical methods in 
research and development. Some of 
the most important advantages are 
given in Table 1 

TABLE 1--Some Advantages of Sta- 
tistical Methods in Research and 

Development 


1—Reduction of experimental work 
to a minimum without sacrifice 
of essential information 

2—More reliable conclusions because 
experimental error has been 
measured and reduced to a mini- 
mum 

3—Faster progress in profitable di- 
rections because interpretations 


given to experimental 


data have 
been improved 

1—-Presentation of the evidence in 
most convincing form 


The first two advantages arise 
from a carry-over to industry of the 
work of mathematical statisticians in 
agricultural, biological, and social 
science problems. With a little imag- 
ination, industrial experimenters 
may carry over into their own plan- 
ning, the principles developed by ex- 
perimenters in those other sciences 
Many research workers with little or 
no formal statistical training are de- 
signing experiments more success- 
fully than before with the help of 
the growing number of usable texts 
on the subject 

However, the last two advantages 
listed have not been so fully enjoyed 
for a two-fold reason. Most mathe- 
matical statisticians are lacking in 
knowledge of the technical back- 
ground involved in industry. On the 
other hand, few research workers 

*Presented at the all-day Conference on 
Quality Control sponsored by the Metro- 


ind Rutgers Univer- 
N. J.. September 16 


**Formerly with Hercules Powder Com- 
pany 
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CHARLES A. BICKING 


Research and Development Division—Office, Chief of Ordnance** 


have gone as deeply into the study 
of statistical theory as is necessary 
to reap its greatest advantages. On 
the one hand, the text book writers 
rarely carry their explanations be- 
yond the stage of determining statis- 
tical significance. At the same time, 
the technical workers, perhaps be- 
cause of a fundamental deficiency in 
training, have difficulty translating 
the statistical evidence to technical 


and economic equivalents 


This dilemma has given rise to a 
new specialist whose duties parallel 
those of the quality control engineer 
who works in the production phases 
of industry. This specialist, who may 
be called a “research engineer”, or 
some more appropriate name, 15S 
usually a technical man turned sta- 
tistician. He is a member of the 
research and development team with 
a breadth of approach and a degree 
of responsibility which makes him 
an efficient coordinator of research 
He interprets the language and the 
method of mathematical science in 
terms of technical realities. He then 
transmits the technical evidence in 
the economic terms which are un- 
derstood by management. Although 
this work has something of a pio- 
neering nature, when capable per- 
formance and convincing presenta- 
tion of results are brought to bear 
on lower development costs and on 
more certain and faster results, there 
can be little doubt of the position it 
will hold in the future. Competent 
performance of the job provides a 
natural stepping stone to higher 
managerial responsibilities 


The need for better interpretation 
and presentation of evidence is so 
great that it warrants emphasis. We 
are familiar with the reaction, “Yes, 
these are the results. So what do 
they mean”?” The conclusions which 
seem so evident to the experimenter 
or the analyst must be translated 
into management terms—yields, 
construction costs, manpower re- 
quirements, and dollar savings 


Graphic means of presentation are 
among the best means that can be 
used. If charts are used, however, 
they must visualize the facts readily 
Quality control engineers have run 
up against the inability of manage- 
ment to read control charts. This is 
an example of how even a very use- 
ful tool can fail to be completely 
effective. Terms and forms familiar 
to management must be used so that 
the intent of the graphic presenta- 
tion will be clear even to the casual 
viewer. The development of these 
means of influencing management 
decisions requires a high degree of 
ingenuity Qualities not commonly 
appreciated as being associated with 
this kind of work may have to be 
developed 
PLANNED EXPERIMENTS 

It is essential to start from the 
very beginning of an investigation 
with a well thought-out plan. Table 
2 presents “The ABC's of Experi- 
mentation” which provide a_ step- 
by-step procedure 


TABLE 2—The A B C’s of 
Experimentation 


Part 1 


A—Obtain a clear statement of the 


problem 
B—Tabulate all available informa- 
tion 
C—Design the experiment in pre- 
liminary form. 
D—Review this design with all con- 
cerned 
E—Final design 
Part 2 
F—Plan for experimental work 
G—Carry out experimental work 
H—Analyze data 
I—Interpret data. 
J--Write report. 


For this outline, which has been 
used widely in chemical develop- 
ment work, we are indebted to Dr 
Martin A. Brumbaugh." Although it 


*"Dr. Brumbaugh is Director of Statistics 
Bristol Laboratories, Syracuse, New York 
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may seem very simple to experi- TABLE 4—Experiment Design for Development of Plastic Film of Improved 
enced researchers, it provides a Luster—Stages A to E 


very workable plan which is useful 


Factors to be Studied 


od whether the work is done by statis- 
ca oas or ot as bee 
tical method r It ha poor tee . M, = Type P M Type L 
observed that the first five steps are 2 Mil 
frequently neglec ted in some meas- Thickness of Film 1 Mil 2 Mi 
‘ a that the last five steps are Drying Conditions D, ~ Regular D, = Special 
peng woes i . aste of time and Lengths of Wash . Ly 20 Min L. 30 Min 
effort Perhaps the key to the first : Ls 10 Min L, 60 Min 
half of the procedure is Step D, in Temperatures of Wash W, = 92 C W, = 100° ¢ 


which all who might be concerned 


> Gael confer Batches of Material B and B. prepared on Different Days 
d review of the plan. During this con- Total number of runs, 128 . 
ference, a clear statement should be 
as made of what the alternative inter- It is sometimes possible to set up a the capabilities and short-comings of 
pretations of the data obtained could factorial* experiment which will give the various designs will permit their 
of chiaining such all the elements of information listed use with certainty of the outcome 
at i data. If these alternatives do not in Table 3, or more. More often, Careful planning must go into this 
eS (ioe provide an answer to the problem, part of the information, such as test phase of the design as well as into 
es the design may be adjusted so that and sampling errors, may be ob- choice of the main factors to be 
the problem which all interested tained from past experience or from studied It is desirable to take ad- 
rs parties are trying to solve is actually independent investigation. The de- vantage of reduced experimentation, 
hie is met in the work performed velopment chemist must decide what even to the point where all informa- 
so 2 factors are likely to be of most in- tion of secondary interest is ex- 
This is one way of saying that all terest and whether any or all pos- cluded. However, even if it is found 
the information required tor devel- sible interactions of those factors necessary to use a full factorial de- 
opment of a product must be built would have meaning to him. Deci- sign more information is obtained 
into the experiment design or into sions concerning the measurement than from an equivalent amount of 
a series of such designs. Information of error and control of sampling and experimentation using methods that 
a whieh = aap inherent in the data testing variation are handled with were formerly popular. Most im- 
+ cannot be extracted merely by the more facility by the statistical spe- portant is the fact that all infor- 
at application “ statistical analysis cialist. Good teamwork is developed mation necessary for making an 
a Failure to obtain sufficient measure- to its most effective peak when the intelligent decision comes from the 
ean or the right ened may make statistician sits in on the review of completed factorial design 
iY research engineer often can be of It is at this point in planning that LUSTRATING TABLE 2—PART 2 
a little use to researchers who have experimentation may be minimized The nature of the contributions of 
find by use of special devices in setting statistical methods to development 
ar up’ thé design. There are various work may be understood better by 
% themselves with a ee uf data of kinds of balanced incomplete de- consideration of an actual problem 
mY a mnerpretan Xs signs that may be used. It must be As has been pointed out, the pro- 
= Table 3 gives a list of the principal recognized, however, that each limi- cedure has at least two major parts; 
‘a tems of information that may be tation in the size of the experiment first, the activities leading up to the 
ae built into a good experiment design results in the loss of some informa- final design of the experiment and 
tion. Only an intimate knowledge of second, the actual conduct of the ex- 
A TABLE 3— Information Built Into a 
Good Experiment Design TABLE 5--Experiment Design for Development of Plastic Film of Improved 
Luster—Stages F and G 
oft Experimental Results—Part 1, Material Type P, Luster Reading 
2--Effects of inter-relationships 1 Mil 
among the factors SPEC 4 
: 3—Size of the experimental error Min- REGULAR DRY SPECIAL DRY 
1--Effects of sampling and testing if utes 9? 100 92° 100 
ot interest 
5 -Know ledge that all other factors B; B B B B B; B, B, 
are controlled or their effects 1 3.4 - 196 5 21 38 17.2 13.4 


randomized 


An example of an inadequate design is the 
r which one factor 
sll others are held 2 Mil 


) 29.5 
ve experi- 30 5.7 6.1 31.6 30.2 59 5.9 29.2 29.8 
oh 10 5.6 5.6 30.5 30.2 5.5 5.8 32.6 27.4 


60 7.2 6.0 314 29.6 8.0 9.9 33.5 | 29.5 
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30 11 11 17.5 17.0 10 1.6 13.5 14.3 
1.9 4.2 17.6 15.2 5.1 3.3 16.0 17.8 
q 
possible combina f the chosen levels of 
the factors under study are investigated 
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HIGH SPEED 


MULTI-DIMENSION INSPECTION MACHINES 


@ Check up to 12 dimensions on each af 
piece, simultaneously. Sigma has built 
special machines to check as many as 28 


you want checked, giving us your inspection 
requirements. Our Engineers will be oe.” org THESE MACHINES IN OPERATION AT COSA’S NEW YORK 
SHOW ROOM OR SEND FOR DESCRIPTIVE LITERATURE. 


ANUFACTURED 4c LETCHWORTH, ENGLAND 


COS A CORPORATI D bi Your source for all Precision Machine Tools— 


405 Lexington Ave., New York 17 from Small Bench Lathes to Large Boring Mills, 


IN DETROIT AREA contact DETROIT-COSA CORPORATION, 16923 James Couzens Highway, Detroit 35, Mich. 


wd 
ry 

Checks External or Internal Dimensions, a 


TABLE 6—Experiment Design for Development of Plastic Film of improved Luster—Stage H 


Analysis of Data—Part 1, Material Type P, Explanation of Variation 


DEGREES PROBABILITY 
SUMS OF OF MEAN “—" OF 
SOURCE SQUARES FREEDOM SQUARES RATIO SIGNIFICANCE 
Temperatures 501,972 1 501,972 - Very High 
Film Thickness 83,810 1 83,810 17 None 
Length of Wash 6,930 3 2.310 8.7 99.9% 
Drying Conditions 663 1 663 None 
Temp. & Thickness 50,513 1 50,513 189.3 99.9% 
Temp. & Drying 1,600 1 1,600 6.0 95% 
Experimental Error 14,699 55 267 
Total 660,187 63 


TABLE 7--Experiment Design for Development of Plastic Film of Improved Luster—Stage H 


Analysis of Data—Material Type P at 92° C.—Explanation of Variation 


DEGREES PROBABILITY 
SUMS OF OF MEAN — OF 

SOURCE SQUARES FREEDOM SQUARES RATIO SIGNIFICANCE 
Film Thickness 2,096 1 2,096 24.1 99.9% 
Length of Wash 3,162 3 1,054 12.1 99.9% 
Drying Conditions 102 1 102 12 None 

Experimental Error 2,268 26 87 
Total 7,628 


TABLE 8— Experiment Design for Development of Plastic Film of Improved Luster—Stage H 
Analysis of Data—Material Type P at 100 C.—Explanation of Variation 


SUMS OF 


SOURCE SQUARES 
Film Thickness 132,266 
Length of Wash 4.078 
Drying Conditions 2,161 
Experimental Error 12,122 

Total 150,587 


periment and interpretation and re- 
porting of results. The illustrative 
problem has to do with the develop- 
ment of a plastic film of improved 
luster. Following the steps in the 
first half of Table 2, a plan for the 
factors to be studied in a factorial 
design was arrived at as shown in 


Table 4 


Five factors were chosen for study, 
four of them at two levels and one 
at four levels. Also, since batches of 
material made on different days 
were expected to give different re- 
sults, it was planned to replicate 
(repeat) each run by preparing 
batches and making duplicate runs 
on two days. Thus the total number 
of runs was 128. This plan was car- 
ried out and the resultant data, 
ready for analysis, were arranged as 
shown in Table 5. For the sake of 
simplicity, only the first half of the 
data is shown. 
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DEGREES 
OF MEAN 
FREEDOM SQUARES 
1 132,226 
3 1,359 
1 2.161 
26 467 
31 


The major problems of the inter- 
pretation and presentation of results 
crop up at this point. It is sometimes 
possible in presenting results to 
make use of the variance table as 
used by statisticians in the analysis 


of variance technique.” It has the 
disadvantage of employing special- 
ized terms Without somewhat 


lengthy accompanying explanations 
it may not be understood. However, 
since the variance table is an in- 
herent step in a complete analysis of 
variance and because it is a useful 
form of report in some situations, it 
is presented as a possible form for 
reporting and interpreting results 
The principal variance table for the 
illustrative problem is show in 
Table 6 


This table is in somewhat reduced 


*For an alternative method of analysis see 
‘Statistics in Engineering. Research and De- 
velopment,” Ellis R. Ott, 110th Annual Meet- 


ing. American Statistical Association. Chi- 
cago, Dec. 28, 1950 


PROBABILITY 
OF 
RATIO SIGNIFICANCE 
283.0 99.9% 
29 95% 
46 95% 


form, since only the main factors, 
significant interactions, and experi- 
mental errors are shown. The sums 
of squares may be looked at as the 
gross amount of variation explained 
by the various factors. The degrees 
of freedom represent factors which 
take into account the amount of 
data. The mean squares may be 
thought of as the net effects of the 
various factors. The “F” ratios rep- 
resent the relationship of the factors 
to the error incurred: in determina- 
tion of their effects. The probability 
of significance column represents the 
probability that the effect of the fac- 
tor is real or significant in light of 
the size of the “F” ratio. Probability 
is read from Tables for the “F” 
Ratio." The question of what is sig- 


*These tables are available in most stand 
ird statistical text A useful source for 
research and development chemists is 
Brownlee’s “Industrial Experimentation” 4th 
“ (1949) Chemical Publishing Co., New 
fork 
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Fe Is Your Foundation Stone for 


Dimensional Quality Control 
..- based on the Constancy of a Light Wave Length 


NO procedure for dimensional control of machined parts can be any better than 
the measurement standard upon which inspection is based. DoALL Blocks 
provide a thoroughly reliable and economical foundation stone for accurate 


Send for New 


20 Page Catalog dimensional control. Their millionths accuracy is based on light wave analysis. 
A And, DoALL offers an inexpensive Calibration Service to keep your Blocks keyed 
joa to light wave accuracy. 

Base your measurements on the Standard Inch with DoALL Blocks and 
! 7 you'll have true control. There is a DoALL Gage Set for every requirement from 
a8 118 pieces to six pieces plus a complete line of accessories with which you can 
“be . = assemble all types of fixed gages. Ask to see DoALL gaging equipment in your 
. _ own plant at no cost or obligation. Call your local DoALL Sales-Service Store 

. it explains the 10 big reasons or write: 


you can trust DoALL Blocks; shows 
uses, accessories; lists all sets, both 


English and Metric. You ere wel- THE DoALL COMPANY e 254 N. aa, Ave., Des Plaines, Hl. 


come to a copy. 
INDUSTRY'S 
NEW sates 
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nificant and what is not is an im- 
portant one and will be discussed 
after the next two tables are con- 
sidered 

Perhaps the key information com- 
ing from Table 6 is that there are 
two significant interactions involving 
Temperatures. This means that the 
analysis must be broken down into 
two parts, one for each level of 
Temperature. This procedure re- 
sults in two more variance tables; 
Table 7 for 92° C. temperatures, and 
Table 8 for 100° C. temperatures 


Before going into a complete ex- 
planation of these tables it is desir- 
able to make some explanation of 
an acceptable probability level. In 
these tables a probability of 95°) was 
required for any effect to be consid- 
ered significant. Choice of this level, 
although somewhat arbitrary, has 
the backing of commonly accepted 
practice and has proved to be work- 
able in actual situations. As a guide 
to what may be considered accept- 
able risks in chemical development 
as the work progresses through vari- 


ous stages, Table 9 is preset ted 


TABLE 9—Acceptable Risks in 
Chemical Development 


Probability of 
Real Effect 


Stage of 


Development 


Basic Research Over 50 

Laboratory 
Development 

Pilot Plant 95 

Process Control 99.7" 


65-95% 


or over 


The answers to most of the impor- 
tant questions asked in the problem 
of improving film luster are given 


in the three tables, numbers 6, 7, and 
8. However, some verbal explana- 
tion should surely accompany pres- 
entation of these tables. With the 
added advantage of information from 
a similar anlysis of data using the 
second material, Type L, such verbal 
explanation might run as follows 


1. Type P Material gave highe 
luster values than Type L 

2. For Type P Material, the 2 Mil 
film gave higher luster values 
than the 1 Mil. film regardless of 

Combining the ef- 

fects of the two temperatures 


temperature 


made it impossible to distinguish 
between the two thicknesses. This 
was because of the greater sensi- 
tivity of luster to film thickness at 


higher temperatures 


TABLE 10--Experiment Design for Development of Plastic Film of Improved 
Luster 


Interpretation and Presentation of Data—Tabular Method—Part 1 


AVERAGE 
COMPARISON LUSTER 


Materials 


Type L 8.6 
Temperature 92° C. 5.2 
of Wash low C 22.9 


kness I 
a 92° C. Wash 2 Mil 6.0 
Thickness 1 Mil 16.4 
a 100° C. Wash 2 Mil 29.3 
Drying Regular 5.0 
a 92° C. Wash Special 53 


Drying Regular 23.7 
a 100° C. Wash Special 22.0 
Length of Wash 20 Min 3.9 
a 92° C 30 Min 5.0 
40 Min 5.0 


60 Min 


Length of Wash 20 Min 21.1 
100°C 30 Min. 22.8 
40 Min 23.4 

60 Min 24.2 


3. For Type P Material, there was 


no difference between the Regu- 
lar and Special drying cycle at 
92° C. At 100° C., however, luster 
values for the Regular cycle were 
higher than for the Special cycle 
The margin of this difference was 
small, however. Combining the 
two temperatures made it impos- 
sible to distinguish between the 
Regular and Special cycles 
1. For Type P Material, the time of 
washing has a significant effect on 
luster at both 92° C., and 100° C 
Luster at 60 minutes is higher 
than for 40 or 30 minutes and, for 
these two intermediate times, 
higher than for 20 minutes. The 
difference between 30 and 40 
minutes is not significant 


5. For Type P Material, 100° C. gave 


higher luster than 92° C. The 
difference is so great that it is 
significant in spite of the inter- 
action of Temperature with 
Thickness and Drying Cycle 


The several effects studied may 
be rated in importance of their effect 
m luster, as follows 


Type P = 140 


PROBABILITY LEAST 
OF REAL SIGNIFICANT 
DIFFERENCE DIFFERENCE 
99.9% 14 
99.9 17 


99.9 


99.9 14 
80 O7 
14 
99.9" 10 


95% 2.0 


lst—Temperature of wash 

2nd—Thickness of film 

3rd—Time of Washing 

4th—-Type of Material 

5th—Drying (Important only 
at 100° C.) 


A tabular method of presenting a 
maximum amount of information is 
provided, without further comment 


in Table 10 


Finally, a graphic method, Parts 
1 to 5, is presented as one means of 
reporting visually the results of the 
experimentation to improve luster of 
plastic film. As a suitable graphic 
form, these charts should provide a 
clear summary of the work and per- 
mit selection of appropriate condi- 
tions for producing the improved 
luster. Unless the tabular, verbal, 
or graphic conclusions convey in- 
formation in understandable, usable 
form, a considerable part of the 
value of experimental work is lost 


It still remains for the experi- 
menter to make recommendations 
regarding the most advantageous 
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New and exclusive office procedures—using Remington 
Rand's unique team of Punched-Card Methods and Kardex 


Visible Systems — give you the facts you need to get top pro- 
duction from available facilities . . . at lowest possible cost! 


2 ways to get more production — faster 


1. Shorten the production planning cycle by getting 
firm schedules into the plant faster ... and 

2. Speed actual production by eliminating the causes 
of many delays on the production line. 


Here’s how you do it. Use Remington Rand 
punched-card machines to develop, correlate, sort 
and print the “mass” of facts you need for efficient 
production planning. It's the fastest method known! 

Then, for effective control, post essential facts to 
a Kardex visible system. Kardex graphically charts 
the facts you need to determine scheduled require- 
ments and control procurement, receipts and dis- 
bursements of all parts and materials. 

Users report these outstanding results. They 
maintain schedules ... meet promised delivery dates 
... keep all inventories in balance. What’s more, they 


secure all the facts they need to comply with govern- 
ment regulations on inventories and to report re- 
quirements under CMP. Most important, they get 
these facts as a routine procedure without maintain- 
ing separate records. 


For Production Executives: New 
56-page study, Production Con- 
trol Systems and Procedures 
(X1268)—outlines complete pro- 
cedures for engineering, produc- 
tion planning and progress, 
machine load, material and tool 
procurement and control. Call 
the nearest Remington Rand 
Business Equipment Center, or 
write to Management Controls 
Reference Library, Room 1635, 
315 Fourth Ave., New York 10, 
New York. 
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Experiment Design for Development of Plastic Film of Improved Luster, Stages I and J 
Interpretation and Presentation of Data 


GRAPHIC METHOD PART GRAPHIC METHOD PART 2 
COMPARISON OF MATERIALS COMPARISON OF WASH TEMPERATURES 


average | 100° AMD 92° C ARE SIGMIFICAMTLY DIFFERENT 


AVERAGE im LUSTER 
LUSTER 29 17.7 


TYPE P AMD TYPE & ARE SIGmMIF ICANTLY 20 
30 OIFFEREMT tm LUSTER 


or wees To 
cast ec 


GRAPHIC METHOD ~ GRAPHIC METHOD ~ 
COMPARISO" OF THICEMESS SOM OF DATING TIONS 
costes at aveeace 
} 23.7 
ABD SPECIAL AG 
CYCLES ARE BOT 


$3 


and economical choice of conditions AVERAGE 


for manufacture of the plastic film LUSTER 
It will be necessary, for example, to 

determine whether a high or low 30 ar 92% c at 100% 
luster is required for the intended a 
use of the film. Next. the relative LUSTER INCREASES SIGMIFICAMTLY WITH TIME OF WASH FOR BOTH 
availability and cost of Materials 92° 100° C. 

Type P and Type L must be consid- 72 wal 
ered. The wide difference between 
the 92° and 100° temperatures may 
make the choice between them self- 
evident. However, cost and ease of 
control at the different temperatures 
may be worth considering 


GRAPHIC METHOD - PART 5 
COMPARISON OF LENGTH OF WASH 


When the two principal decisions 
concerning material and wash tem- 
peratures are made, similar decisions 
must be made regarding the other 
significant factors. Suppose, for pur- 
pose of discussion, that high luster mieutes Dir 


18 80 «60 Of 70 30 80 60 DIFF To 
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choice of Type P material, cost and 
availability permitting, is indicated 
clearly by the Part 1 diagram. There 
is similar lack of hesitancy in choice 
of 100° C. wash temperatures when 
the Part 2 diagram is consulted. 
The Part 3 diagram shows that 2 
mil. thickness is preferable and, if 
this meets end use specifications, the 
thicker film should be specified. 
Reference to the Part 4 diagram 
shows that the Regular Drying Cycle 
is better, so that cost and availabil- 
ity of special equipment does not 
enter into this decision. Finally, 
since 100° C. temperature has been 
chosen, there is some advantage in a 
60 minute washing period, as shown 
in the Part 5 diagram. However, the 
advantages due to regular drying 
and longer wash are small in terms 


of absolute luster readings and eco- 
nomic considerations may outweigh 
the statistical evidence of superior- 
ity 
No development work may be 
considered completed until it is car- 
ried all the way to an executive de- 
cision. All along the line, from 
statement of the problem to the in- 
terpretation and presentation of the @ Ames micrometer dial 
data, the use of statistical methods indicators are the most 
has been shown to contribute an modern available today 
extremely beneficial effect —and naturally so be- 
_— — cause Ames policy for 
SQC COURSES over 50 years has been 
. continually to improve 
Georgia Institute of Technology, At- design, to take advantage 
lanta, Ga., Febr. 27-March 6, 1952. A of new materials and to utilize the 
Basic Course to acquaint industrial per- most advanced manufacturing 
sonnel with the techniques for putting methods. They are a real aid to 
SQC to work the quality control engineer who 
For information, write to is trying to keep pace with today’s 
R. E. Eskew, Acting Coordinator high production schedules. 
Georgia Institute of Technology Because Ames Indicators are func- Vv Check this list of features ass 
Atlanta, Georgia tionally designed, they have fewer 
parts than ordinary indicators. Con- 1 Forged Solid Brass Case and Stem 
University of Illinois, Urbana. III struction is simple with functional 
April 14-24, 1952. A Basic Course to parts being larger and more rugged 
acquaint industrial personnel with the and adequately supported. , 3 Course Pitch Stainless Stee! Rack 
techniques for putting SQC to work Operational friction is at a . 4 Hordened and Burnished Steel Pivots 
For information, write to minimum. Thus, Ames In 
dicators combine extreme 
sensitivity and accuracy with 6 Potented Bezel A bly 
the ability and endurance # 
stay right on the job longe ’. 


2 Heovy Bross Plate 


5 Dicls Printed from Steel Engravings 
J. A. Henry, Department of Mechanical 
Engineering 
University of Illinois 
Urbana, Illinois. 


Purdue University, Lafayette, Ind., 
June 4-12, 1952. An Advanced Course 
for further training of personnel with 
some previous instruction or practical 
experience in SQC. 

For information, write to 

Irving W. Burt 
Statistical Laboratory 
Purdue University 


Lafayette, Indiana m. B. AMES 


JANUARY, 1952 Mfgr. of Micrometer Dial Gauges ¢ Micrometer Dial Indicators 
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: f a company makes washing ma- 
%; chines, bicycles, electric shavers, 


cameras, or dial telephones—in fact 
~ any of the vast array of relatively 
complicated products—what is the 
1B, best way to set up a control on the 
over-all quality of the product? The 
idea of using percent defective will 
probably be dropped as soon as you 
have considered the prospect of 
classifying an entire washing ma- 
chine as a defective! And while vari- 
ables control charts are wonderfully 
useful devices, -here are many qual- 
i ity requirements that will not fit 
handily into X and R 

t When the probability of finding a 
fault in a product is small in rela- 
é tion to the opportunity for faults to 
- pie occur, it is possible to use a “c” chart 
for defects per unit. This comes 
closer to what we want, because it 
allows us to group all the different 
i kinds of faults together into one 
figure representing each unit in- 
spected. But it has the serious draw- 
back that a minor fault will carry 
the same weight as a major depar- 

: ture from quality requirements 
oe The problem, therefore, is to set 
ig up a control that will take into ac- 
seriousness of a defect as 
frequency. Mr. H. F’ 
outlined the solution in “A 
Rating Manufactured 
Product” in The Bell System Tech- 
nical Journal, April, 1928. Mr. A 
G. Dalton’s booklet titled “Quality 
fa Controls Employed by Western Elec- 
AE tric” indicates that the method has 
: been used successfully for many 
s years for a final quality audit cov- 
j ering some 220 classes of manufac- 
pay tured product. At Federal Telephone 
ee and Radio we found this approach 
1 to the quality problem extremely 
é useful and believe that the method 
can be applied to a wide variety of 


count the 
well as its 


Dodge 
Method of 


products. 


* Paper presented to California Section 

ASQC, Sept. 1950. This paper is a revised 

draft of a paper previously resented to 

Metropolitan Section. ASQC, which was re- 

a leased for presentation by Federal Telephone 
ir and Radio Corporation The author was 
¥ Chief Quality Control Engineer for this com- 
pany during the period that the system 
described tn this 


paper was installed 
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Hughes Aircraft Company 
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Control of Complicated Product’ 


Chief Quality Engineer, Guided Missile Production, 
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15 20 25 30 


SAMPLE NO 


Figure 1—Demerits per Unit for 30 Samples, n 


The many independent quality re- 
quirements of a product have one 
characteristic in common: the effect 
of non-conformance on the user. 
This point of view allows us to divide 
the faults found in inspection into 
several graded from least 
serious to most serious in terms of 
consumer reaction. For many prod- 
ucts only two classes, Major and 
Minor, will be sufficient. It is hard 
to think of a product so complicated 
that its possible faults could not be 
fitted reasonably into the four fol- 
lowing classifications 


classes 


Classification of Defects 


Class 1 
Defects 

The customer will refuse to 
buy the product. 

The product will surely fail in 
use and the fault cannot 
readily be repaired. 

The fault may cause injury or 
damage 


Very Serious or Critical 


Class 2—Serious or Major “A” De- 
fects 
The customer will certainly be 
dissatisfied with his pur- 
chase 
The product will probably but 
not surely fail in use. 
The fault will surely cause de- 
creased life or require ex- 
cessive servicing 


Class 3—Moderately Serious or Ma- 
jor “B” Defects 

Likely to cause loss of effi- 
ciency in use, but not oper- 
ating failure. 

Likely to cause decreased life 
or require excessive servic- 
ing. 

Faults of appearance, finish, 
and workmanship that make 
the product less desirable. 


Class 4—Not Serious or Minor De- 
fects 
Minor defects of appearance 
finish, or workmanship 


2 

a 

ANA £ 

2b 

15 20 25 30 

SAMPLE NO 


Figure 2—Defects per Unit (Unit = 100 assemblies) 
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«».combines the exten- 
Sive experience and co- 
ordinated abilities of 
Republic's Field, Mill 
and Laboratory Metal- 
lurgists with the knowl- 
e edge and skills of your 
= Own engineers. It has 


~ helped guide users of 

Alloy Steels in count- 

3- DIMENSION less industries to the cor- 
rect steel and its most 

Metallurgical Service | efficient usage, rT CAN 
DO THE SAME FOR YOU, 


| 


The Alloys Cupboard isn’t bare 
VET 


. +. even though current restrictions curtail the production of some 
of the alloy steels you may have been using. 

Fortunately, you'll still find many good, useful Republic Alloy Steels 
being produced . . . alloy steels that will serve most purposes almost 
as well as those that are victims of the defense movement. 

Your problem of selecting the best available alloy steel and putting 
it to work on your production line will be a lot easier with the 
help of the team from Republic .. . the Republic Field, Laboratory, 
and Mill Metallurgists. 

In all probability, there is an available alloy steel which wil! be 
suitable for your production. A Republic Metallurgist will gladly 
work with your staff to determine which one is best and how to 
process it most efficiently. 


REPUBLIC STEEL CORPORATION 
Alloy Steel Division « Massillon, Ohio 
GENERAL OFFICES . CLEVELAND 1, OHIO 
Export Department: Chrysler Building, New York 17, N.Y. 


ALLOY 


Other Republic Products include Carbon and Stainless Steels—Sheets, Strip, Plates, Pipe, Bars, Wire, Pig Iron, Bolts and Nuts, Tubing 
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Faults that will not cause fail- 
ure in service, decreased life 
or excessive servicing 


When the quality requirements 
have been classified, the relative 
seriousness of each class is expressed 
by an assigned weight. The scale of 
weights used can be arbitrary; only 
the relative weights and the fre- 
quency of occurrence for each class 
of defects will concern us. The cost 
of a class of defects in terms of re- 
pair, replacement, or customer serv- 
ice will probably influence the choice 
of weights. These weights have been 
given the term “demerits”, and those 
used in this discussion are as follows: 


Class 1 50 demerits 
Class 2 20 demerits 
Class 3 5 demerits 
Class 4 1 demerit 


It may be useful in the case of a 
variable characteristic to assign two 
or more demerit weights according to 
the degree of non-conformance. For 
each unit inspected the number of 
defects found in each class is multi- 
plied by the assigned weight for the 
class, and the sum of the weighted 
defects is the demerit rating for the 
unit. ’ 


Figure 1 shows the result of in- 
specting 30 samples of 100 assemblies 
each. Each point is the average de- 
merits per assembly for the sample 
Sample number 15 has fallen outside 
the control limits and calls for in- 
vestigation. However, we should be 
willing to run some risk of investi- 
gating smoke without finding fire. 
and the best piace to start checking 
is at Sample No. i4, which has fallen 
outside of two standard deviations. 
It is interesting to note that the chart 
in Figure 2, which is the same 30 
samples on a defect per unit basis 
(the unit being 100 assemblies) 
would not have flashed a red light 
when it was needed, and might have 
stirred us up unnecessarily at Sam- 
ple No. 20, when the eleven faults 
found were of a minor nature. 

The average and limits on the 
chart in Figure 1 were derived from 
the data of the 30 samples in order 
to illustrate the process. Table 1 
shows the computations necessary to 
set up limits. Table No. 2 gives the 
data for four of the points on the 
chart 

It should be noted that the as- 
sumption is made that the d's are in- 
dependent variables subject to sam- 
pling variations; also that the ratio 
of d to the possible number of de- 


20 


TABLE 1 
Class Weight No. Defects 
No w d wd w wd d/n, 
1 50 5 250 2500 12500 0017 
2 20 16 320 400 6400 .0053 
3 5 75 375 25 1875 0250 
4 1 52 52 1 52 0173 
997 20827 


w assigned weight 
d == number of defects observed 
n = number of units in sample 


n, number of units in base period — 30 x 100 — 3000 


D, average demerits per unit 
constant of variance 


o(D,) VC,/n D 


30-Upper Limit = 1.123 
30-Lower Limit = 0 


fects is small so that we can as- 
sume 6, \d 

Many of the assemblies required 
considerable skill on the part of the 
operator in assembling components 
and adjusting them to meet opera- 
tional requirements. The chart in 
Figure 3 shows a 30 week period 
during the early stages of installing 
a demerit system. Each point rep- 
resents 4000 to 6000 assemblies pre- 
sented for inspection by almost 50 
operators. The rather steep drop in 
demerits during the first month was 
the result of a concerted effort to 
put across the idea that the operator 
is responsible for quality. Everyone 
was fully advised of the demerit 
weight for each type of fault. A 
weekly report was issued to show 
the demerits per unit for each oper- 
ator, which could be compared with 
the average for the group. The fore- 
men followed up by concentrating 


wd n, = 997 /3000 — 0.332 


n, 20827 3000 — 6.94 
3YC,/n D, + 2VC,/n 
332 > 3\/6.94 100 332 


2\/ 6.94, 100 
20-Upper Limit = 0.859 
20-Lower Limit = 0 


their training effort on those opera- 
tors that needed it most 


The pattern of a decided drop in 
faults found, followed by a leveling 
off, was repeated on a number of 
assembly lines. When this second 
stage is reached, the really hard 
work begins. If the new level of 
quality is satisfactory, the next ef- 
fort will be to bring it into control. 
The trial control limits on the last 
20 weeks in Figure 3 show that more 
effort will be necessary before con- 
sistent quality is achieved. 


In Figure 3 the variations in num- 
ber inspected did not influence the 
control limits enough to change the 
number of points that were outside 
the limits. The chart in Figure 4 is 
on a daily basis and the control lim- 
its have been adjusted for the most 
extreme variations in quantity in- 
spected. The central line is an Ex- 


TABLE 2 


Sample No 5 
“lass w d wd d 
1 50 0 0 0 
2 20 0 0 1 
3 5 2 10 2 
4 1 2 2 1 
Total Demerits 12 
Total Demerits 100 12 


10 15 20 

wd d wd d wd 

0 2 100 0 0 

20 1 20 1 20 

10 3 15 6 30 

1 3 3 4 4 

31 138 54 

31 1.38 54 


‘ 

ae 
Bi 
q 

» 

1 
~ 

| 

\ 

3 

|_| INDUSTRIAL QUALITY CONTROL 
an 


The new Bryant Internal Thread Gage 
will check parts 4 to 5 times faster! 


The new Bryant internal thread gage is based on the 
principle of a split plug gage. The plug segments are 
collapsed by a thumb lever and inserted into the threaded 
hole. When the thumb lever is released, the plug seg- 
ments expand to contact the internal threads in the parts 
being inspected. 

This new gage is portable, therefore, threads may be 
checked while the part is chucked in a machine, and it 
offers extra convenience when inspecting threads in 
large, heavy casting that cannot be moved conveniently. 

The Bryant gage is designed to give one accumulated 
reading of P. D., form and lead on the dial indicator. 
For the first time it is now possible to sort parts into 


MAIL THE COUPON FOR 
FURTHER INFORMATION 


Please send me ——— details on 


the New Bryant Portable Thread Gage. 


COMPANY 
STREET__ 


GAGE SEGMENTS GAGE SEGMENTS 


CLEARANCE 


Plug segments are ex- 
panded to give full length 
contact on all the threads. 


Plug segments are col- 
lapsed so gage may be 
inserted or withdrawn 
without threading. 


known classifications for fit (assemble-ability). This gage 
is used for the inspection of internal threads in a range 
from 5/16" to 1 diameter. Interchangeable segments are 
easily attached to the gage to cover a wide range of thread 
sizes. These segments are made to the same tolerances in 
P. D., lead, and form as a Class ““W" Master. The life of 
the segments is lengthened by the fact that the gage 
does not have to be screwed into or out of the threaded 
hole — a partial turn gives a full reading on all the 
elements of all the threads. 

Actual tests show that the Bryant portable internal 
thread gage will check parts four to five times faster 
than the standard plug gage! 


WEIGHS ONLY 1407. 


INTERCHANGEABLE 
SEGMENTS 


BRYANT 


CHUCKING GRINDER CO. 
SPRINGFIELD, VERMONT, U.S.A. 
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pected Average of demerits per unit 
(D,).. It is based on accumulated 
experience modified by engineering 
judgment as to the quality level that 
can be maintained on an economic 


basis 


The chart in Figure 5° presents 
the same data in terms of standard 
deviations. The Expected Average 
becomes a Normal of zero. Each 
day's work has been tested against 
the assumption that it will contain 
the Normal number of demerits per 
unit and the chart records the num- 
ber of standard deviations (t) by 
which the result is better ( ) or 
worse (—) than Normal 


( ( Actual ) 


Demerits Demerits , 


yn Cc, 


Expected Demerits _n(D,). 


With this chart we can follow the 
variations of quality in relation to 
either 2 or 3 sigma limits without 
the nuisance of adjusting for sample 
size. The work of individual opera- 
tors for a day, week, or month can 
also be given a plus or minus quality 
rating that can be compared directly 
with that of his group. The work of 
one group can be compared with that 
of another, even though the products 
are quite different, assuming, of 
course, that the system of demerit 
weights is universal and consistent 
for the two products. These charts 
can be very useful for management 
reports 


In setting up and using a demerit 
rating system, we found that benefits 
result from each step in the process 
The act of listing and weighting the 
quality requirements helped to clari- 
ty our objectives. The systematic 
reporting of reasons for rejection en- 
abled us to focus corrective effort 
where it was needed most. The fol- 
low-up resulted in better trained 
operators, better material and meth- 
ods supplied to the assembly lines. 
and an increased understanding of 
the responsibility for producing ac- 
ceptable work. Finally, the estab- 
lishment of Expected Quality Stan- 
dards helped us to do some realistic 
thinking about the cost of quality in 
relation to the value of quality 


*The vertic cale on this chart has been 
ntet maiiy reversed to make the variatior 
directly comparable © that on the 
chart in Figure 4. In practice. t Devia- 
thor Chart has the positive t value bove 
ind the negative t values be the Norma 
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DEMERITS PER UNIT 


' 5 10 1s 20 25 30 
WwEEK 


Figure 3—Demerits per Unit; Period covered: 30 weeks; Average production 
per week: 5000; 100°, inspection of work of 46 operators. 


4 
6 
\ 

32) \ 
10 a \ 

> 

20} A j 

* wt / \ 

a 

6 


DEVIATION UNITS 


STANDARD 


“igure 5—Deviations from Expected Average in Standard Deviation Units 


References Electrical Engineering, March, 

H. F. Dodge, “A Method of Rating 1946, “Statistical Methods in Qual- 

Manufactured Products”; Bell Tele- ity Control”; No. X—“Classification 
phone Laboratories, Reprint B315 of Defects and Quality Rating”. 
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Each crystal is enclosed ina cylindrical oven which holds the 
crystal temperature to within 1/100 of a degree 


At the AT. aT building at 195 Broadway. New York, 
passersby set watches by the world’s most accurate public 
clock, which is controlled by the master Standard 


A Front of the new frequency-time standard at Bell Telephone Laboratories. In the rear there are 600 
electron tubes and 25,000 soldered connections. Room temperature is maintained within two degrees. 


A vibrating crystal 


keeps master time 


Ever since Galileo watched a lamp frequencies of the Bell System's ship- 


; swinging in the Cathedral of Pisa three to-shore, overseas and mobile radio- 

; centuries ago, steady vibration has pro- telephone services, the coaxial and 

vided the practical measure of time. In Radte Neolay systems which transmit | 

f the 1920s Bell Laboratories physicists hundreds of simultaneous conversa- 
proved that the quartz crystal oscilla- tions, or television. In the northeastern 
tors they had developed to control states, it keeps electric clocks on time in 
electrical vibration frequency in your through check signals supplied to elec- oe 

The controlling quartz crystal vi- telephone system could pace out time tric light and power companies 


brates in vacuum at 100.000 cycles 


more accurately than ever before. 5 
per second. The standard is powered The new standard also provides an f 
by storage batteries, with steam The Laboratories’ latest master stand- independent reference for time meas- : 
turbo-generator standing by, just in ard keeps an electric current vibrating urements made by the U. SN wall ng | 
at 2 frequency that varies only one part Observatory and the National Bureau 
in a billion, keeping time to one ten- of Standards. Thus, world science bene- 
thousandth second a day fits from a Laboratories development 
Through secondary standards, a originally aimed at producing more and 
master oscillator governs the carrier better telephone service 


BELL TELEPHONE LABORATORIES 


Improving telephone service for America provides careers 


for creative men in scientific and technical fields 


‘ 
q 
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The Use of Limit Gages in 


Process Control’ 


inspection with limit 
gages on each machine operation 
is designed to give the operator a 
practical guide to machine adjust- 
ment which will avoid the pitfalls of 
the ordinary go and no-go gage 
procedures. Essentially such inspec- 
tion procedure is based on the rec- 
ognition that there is bound to be a 
certain predictable variation in a 
series of consecutive units produced 
within a relatively short period of 
time. By placing a limit on the num- 
ber of units in a small sample of 
consecutive units which may fall 
either below established 
gage limits, it is possible to main- 
tain practically all units within en- 
gineering specifications’ with a mini- 
mum amount of machine adjust- 
ment 

A common sampling inspection 
procedure with limit gages calls for 
adjustment whenever 
three or more out of a sample of 
five consecutive units produced fall 
either above or below the control 


above or 


a machine 


limits for an X chart based on a 
sample of five (ie. X 
X 0.58R') 
procedure requires merely the sub- 


1.340° o1 


Such an inspection 


stitution of go and no-go gages with 
somewhat narrower limits than the 
engineering tolerances. It is the pur- 
pose of this article to demonstrate 
that for 


sampling plan for use with limit 


stable processes’ such a 
gages affords almost as much pro- 
tection against producing defective 
units as does a sampling plan based 
on dimensional gaging of five con- 
secutive units with a dial indicator, 
ngineering 

machine 

proce reac ually esti- 


’ x Standard deviations) must no 
arger than total tolerance 


\ ble proc 
standard deviation 
known that t 


deviatior 


either 

lated re illy. however 
contr mits may be based on 
‘ lard dev t t 
engineering 

tion whict 
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ARTHUR E. MACE 


American Steel & Wire Company 


TABLE 1—OC Curve Data for X Control Chart Used as a Constant-Sigma 
Variables Acceptance Plan (Sample Size n 5) 


Process Mean Maximum 
(in standard Percent 
deviations Defective 
from specifi- in 
cation mean) Process* 


0.0 
05 
10 
15 
2.0 


on 


Probability Probability 
of of 
Non- Machine Machine 
Adjustment Adjustment 


9973 
9701 
7776 
3617 
0705 
0048 
0001 
0000 


*The calculation of maximum percent defective in process is based on the additional 
assumption that process spread equals total tolerance 


and does so with but slightly more 
machine adjustment 

First, it is necessary to determine 
exactly how much protection is af- 
forded and the number of machine 
adjustments likely to be required 
by a sampling plan based on dimen- 
sional gaging of five consecutive 
units with control limits on X at 
+1.34¢ from the specification mean, 
which we henceforth take to be 
zero 

Table 1 gives data from which to 
construct the operating characteris- 
tic curve for this plan. The calcula- 
tions in Table 1 and subsequent 
tables in this paper are based on 
the following assumptions 


1. The process standard deviation. 


7. is constant. It is not subject 


to trends that increase or de- 


In these and subsequent calculations it is 
assumed that the purpose of the control plan 
whether involve dimensional gaging or 
limit gaging. is to maintain all units as close 
to specification mean as is consistent with 
machine capability, regardless of engineering 
tolerances. This assumption will be relaxed 
in a discussion of modified control limits at 
the end of the paper 


*Research in connection with this article 
was undertaken while the author 
ployed as an associate consultant 
firm of Dr. J. N. Berrettoni and As 
consultants in statistical quality contr 
uable assistance in the original prepar: 
of this article was contributed by Dr 
Berrettoni 


Shifts in the 
shifts in 


crease its value 
process are entirely 
process level, X’. 
The process standard deviation, 
¢, has been estimated from a 
machine capability study 

The control or gage limits for 
any given sampling plan are 
equidistant from the specifica- 
tion mean by a multiple of the 
estimated process standard de- 
viation. 

The frequency 
the quality 
normal. 


distribution of 
characteristic is 


Under these assumptions the third 
column of this table gives the prob- 
ability that a sample X will fall 
within the established control limits 
if the process mean is at the level 
given in the first column. For ex- 
ample, if the process mean is 1.0 
standard deviation above the speci- 
fication mean, the lower control 
limit on X will be 2.34 standard 
deviations below the process mean, 
the upper control limit of X will be 
0.34 standard deviations above the 
process mean, and 0.7776 of the 


sample X's may be expected to fall 


(Continued on page 28) 
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@ Best In Abrasives. There's a 
type of Norton ALUNDUM®* or 
CRYSTOLON* abrasive with the ex- 
act cutting characteristics you need 
for fast, cool, accurate grinding and 
extra-long wheel life on any surface 
grinding job. 


@ Best In Bonds. Norton bonds for 
surface grinding include vitrified, 
silicate, and resinoid. For grinding 
nearly all types of steel, the famous 
BE vitrified bond is the favorite with 
grinding machine operators every- 
where. 


@ Manufacturing Know-How. 
The precision with which Norton 
wheels are made is the result of 65 
years of continuous research into 
every detail of abrasive processing — 
by the world’s largest manufacturer 
of abrasives. 


@ Quality Control is an important 
reason for Norton superiority. From the 
moment that the abrasives, bonds and 
other raw materials enter the mile-long 
Norton Worcester plant until the com- 
pleted grinding wheels are shipped, 
quality control plays an important part 
in their manufacture. 


NORTON COMPANY 
Worcester 6, Mass. 
Distributors In All Principal Cities 


EXPORT: 
NORTON BEHR-MANNING OVERSEAS INC. 
Worcester, Mass. New Rochelle, N. Y. 


*Trade-Morks Reg. U.S. Pat. Off. ond Foreign Countries 


With Norton Products — Applied by Norton Experts — You're Sure of Best Results! 


Straight Wheels 


Cylinders 


~ 


WNO RTO NV Making better products to make other products better 
ABRASIVES 


| 
yO 
di! 
Norton combination... 
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gain of more than 14,000 people: as many as Albany 
Utica, Binghamtor Rochester, and Buffalo combined 
| 


as a land, water, and air transportation junction 


More important even than this 
100 manufacturing plants, with an estimated total labor 
produce more than 500 different products valued at 


$600,000,000 annually. Their payrolls give the community 
an annual purchasing power of at least one billion dol- 


lars. New industries and the expansion of old ones are 


pouring additional millions into the economy of Syra- 


cuse and Onondaga County 


The high quality of the labor force of the area has 
been an additional strong attracting force for industries 
During World War I, when Greater Syracuse produced 
a tremendous variety of war materials, ranging from 


: tank clutches and fighting knives to machine guns and 


complex radar equipment, there was not one work stop- 


page in the city proper, and the perfect record of the 


county was marred by a stoppage of only a single day 


The Community Chest idea originated in Syracuse, 
and its current Civil Defense Program and activities 
have been made the basis for a nationally distributed 
film and are used as a reference by cities throughout the 
nation and the continent. The annual New York State 
Fair. held here during the first week in September 
attracts thousands of visitors to the agricultural, com- 


mercial, and industrial exhibits; while the new 312 mil- 
lion dollar War Memorial Auditorium will help Syracuse 
become one of the leading convention cities in the East 


One of the first conventions able to use this beautiful 
new auditorium will be that of the American Society for 
Quality Control. Syracuse, through its many industries, 
has become a large and ever-increasing user of quality 
control methods, and is perhaps unique among cities in 
offering free instruction in these techniques to its citi- 
zens through the medium of adult education courses 
given in a local night school 


There are many facilities, including large and small 
hotels, tourist homes and courts, available for your com- 
fort in the city and nearby. These accommodations will, 
however, be strained if the convention attendance ex- 
ceeds 2500, so register early. Your registration fee will 
be refunded upon notification that you cannot attend. 


Come to Syracuse for YOUR Convention on May 22. 
23, and 24, 1952 
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Syracuse 


An Industrial Hub of the East 


7 fastest-growing upstate New York city, Syracuse 


registered in the last census a ten-vyea! population 
n large part, this increase is due to its excellent position 
however, has been 


its increasing and diversified industrial activity. Some 


force of 60,000 (compared with 36,000 a decade ago), 


Architect's View of Onondaga County War Memorial 
Auditorium from the Northwest 


New Thompson Road Plant of Carrier Corporation 
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CONVENTION CHAIRMEN 


General Chairmen 


LEON BASS 
GENERAL ELECTRIC CO. 


General Secretary 

end Coordinator 
BERNICE M. RICHARDSON 
EASY WASHING MACHINE CORP. 


Arrangements 
ROBERT M. HOFSTEAD 
BRISTOL LABORATORIES INC. 


JOSEPH R. SADOWSKI 
CRUCIBLE STEEL CO. OF AMERICA 


Exh:bits 
EARL F. GRAUMENZ 
CARRIER CORP 


Finance 
WILLIAM B. CRABTREE 
CRUCIBLE STCEL CO. OF AMERICA 


Program 
DR. MARTIN A. BRUMBAUGH 
BRISTOL LABSCRATORIES INC 


Publicity 
FRANK CAPLAN, JR 
CAMILLUS CUTLERY CO 
CAMILLUS, N. Y 


Reception 


FRANCIS J. X. DONOHUE 
NESTLE CHOCOLATE CO.. INC. 
FULTON, N. ¥ 


Regs stration 


CHARLES P. NICHOLS 
BRISTOL LABORATORIES 


inc. 


Special Features 


DR. GEORGE A. HUNT 
BRISTOL LABORATORIES INC. 


Transactions 


GEORGE M. ARMOUR 
GENERAL ELECTRIC CO. 


AMERICAN SOCIETY FOR QUALITY CONTROL 
SIXTH ANNUAL CONVENTION 
SYRACUSE, NEW YORK 


MAY 22, 23, 24, 1952 


Address Reply ta November 16, 1951 


To All Members of A.S.Q.C. & Those Interested in Quality Control: 


The Sixth Annual A.S.Q.C. Convention will be held in Syracuse on May 
22, 23, & 24, 1952. Because of the continually expanding interest 

in Quality Control and the large growth of society membership in re- 
cent months, it has been decided to lengthen the convention to three 
days this year. This will give us an opportunity to present an even 
bigger and finer program than was possible in the past and will also 
allow more time to view the excellent exhibits which are being pre- 
pared for you. 


The technical sessions have been planned so that seven programs 
will be in operation simultaneously at each of four two-hour veri- 
ods. Some 60 papers on Quality Control applications and principles 
will be available. Included are sessions to service the society's 
industrial technical committees: Electronic and Electrical, Chemi- 
cal, Textile, Automotive, Food and Aircraft. 


In response to popular demand 1l hours of integrated educational 
program will be presented. This has been set up especially for those 
who have had no previous introduction to the principles and prac- 
tices of Quality Control or for in-service personnel who wish a 
refresher in the subject. 


The convention will be held in the new Onondaga War Memorial Audi- 
torium where every effort has been made to provide facilities for 
our use which are as fine as any in the country. 


We are presently arranging with the best dining caterers in Syracuse 
for our luncheons and banquet and we will endeavor to provide meals 
for all who wish them. However, we cannot emphasize too greatly the 
desirability of early registration. Estimating accurately the num- 
ber of people who will want meals is probably the most difficult 
task of your committee. We, therefore, urge you to make your plans 
now to register aS soon as you receive the registration blank. 

Your money will be returned if we are advised that you cannot at- 
tend. 


The committee has been diligently at work for many months to make 
this the convention which will long be remembered for its outstand- 


ing quality in every category. 


ready to serve you. 


Syracuse is 


Sincerely yours, 
LB/ge 


LEON BASS 


Sponsored by THE AMERICAN SOCIETY FOR QUALITY CONTROL, Room 5036, 70 East 45th Street, New York 17, N. ¥ 
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limits; ie. if 


within these control 
the process mean is 1.0 standard de- 
viation above the specification mean, 
then: P(— 2.340 X 0.340) 
P(— 5.2360. < X < + 0.7640_) 
0.7776." Similarly, 0.2224 of the sam- 
ple X's may be expected to fall out- 
control limits and thus 


side these 


call for a resetting of the machine 


Next, it is necessary to determine 
exactly how much protection is af- 
forded and the number of machine 
adjustments likely to be required by 
a sampling plan which calls for a 
machine adjustment whenever three 
or more out of a sample of five con- 
secutive units produced fall either 
above + 1.340 or below in 
other words, above or below the 
three-sigma limits for averages of 
five. The probability that one unit 
will fall outside one of these limits 
for any given setting of the process 
mean can be calculated by the use 
of a Table of Areas under the Nor- 
mal Curve. The probability that 
three or more out of five units will 
fall outside one of these limits for 
any setting of the 
mean can then be calculated from 
the binomial distribution. The prob- 
ability of acceptance for any given 
setting of the process mean will then 
be the probability that than 
three out of five units fall either 
above or below gage limits set at 
+ 1.340 

Table 2 gives data from which the 


operating for 
this plan may be constructed, assum- 


given process 


less 


characteristic curve 
ing the same conditions as stated for 


Table 1 


The third column of Table 2 gives 
the probability that less than three 
out of five units will fall either above 


or below gage limits set at +1.340 
if the process mean is at the level 
given in the first column. For ex- 


ample, if the mean is 0.5 
standard deviations above the speci- 
the lower gage limit 
will be 1.84 standard deviations be- 
low the process mean, the probabil- 


ity that one unit will fall below this 


process 


fication mean 


'The expression P(--2.340 X 
0.340), for example, read: “The 


probability that X lies between 
2340 and 0.340." Furthermore, 
2.340 (—3/ (-—3/\ 5 
1)\ Sez (—3 \ 
—35.2366, ete. Reference to a Table 
of Areas under the Normal Curve 


gives the required probabilities 
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Process Mean 
(in standard 


dev 
from 


cation mean) 


* The 


TABLE 2—OC Curve Data for 
(Gage Limits GL 


Percent 
lations 
specifi- in 

Process* 


0.0 0.27 
0.5 0.64 
10 2.28 
15 6.68 
20 15.87 
2.5 30.85 
3.0 50.00 
3.5 69.15 
4.0 84.13 


Maximum 


Defective 


assumption that process spread equals total tolerance 


Attribute Inspection With Limit Gages 


+134o.n S, e = 2) 

Probability Probability 

of of 
Non- Machine Machine 

Adjustment Adjustment 
9873 0127 
9414 0586 
7380 .2620 
3820 6180 
1084 8916 
0153 9847 
0010 .9990 
0001 9999 
0000 1.0000 


calculation of maximum percent defective in process is based on the additional 
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CORRESPONDING FRACTION DEFECTIVE IN THE PROCESS WHEN 
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SPREAD EQUALS FULL TOLERANCE 


Figure 1—Comparison of Operating Characteristic Curve for Attribute 
Inspection using Limit Gages (GL 
with that for Variables Inspection using X Chart (n 5) 
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TABLE 3—OC Curve Data for Attribute Inspection with Limit Gages 
(Gage Limits GL +3.000 n l4, ¢ 0) 


Process Mean Maximum 
(in standard Percent Probability Probability 
deviations Defective of of 
from specifi- in Non- Machine Machine 
cation mean) Process* Adjustment Adjustment 


0.27 9630 0370 
0.64 9137 0863 
2.28 7251 2749 
6.68 3798 6202 
15.87 0890 9110 
30.85 0057 9943 
50.00 0001 9999 
69.15 0000 1.0000 


*The calculation of maximum percent defective in process is based on the additional 
assumption that process spread equals total tolerance 
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PROBABILITY OF 


C5 Ls 20 25 30 40 
ABSOLUTE DEVIATION OF PROCES35 AVERAGE FROM SPECIFICATION 
MEAN IN @ UNITS 
| | | | | | | | 
-0027 -0064 0228 .0668 3085 -5000 695 84/3 
CORRESPONDING FRACTION DEFECTIVE IN THE PROCESS WHEN 
PROCESS SPREAD EQUALS FULL TOLERANCE 


Figure 2—Comparison of Operating Characteristic Curve for Attribute 
Inspection using Limit Gages at Full Process Spread (GL 
3.000". n 0) with that for Variables Inspection 


using X Chart (n 5) 


JANUARY, 1952 


limit is 0.0329, and the probability 
that three or more out of five units 
will fall below this limit is 0.0003. 
Similarly, the upper gage limit will 
be 0.84 standard deviations above 
the process mean, the probability 
that one unit will fall above this 
limit is 0.2005, and the probability 
that three or more out of five units 
will fall above this limit is 0.0583. 
Consequently, the probability that 
three or more out of five units do 
not fall either above or below the 
gage limits is 1 (0.0003 + 0.0583) 

0.9414. Finally, 0.0586 of the 
samples of five units can be expected 
to have at least three units either 
above or below the gage limits and 
thus call for a resetting of the ma- 
chine. 


The similarity between the OC 
curves for these two sampling plans 
is readily apparent from Figure 1. 


Since the two operating character- 
istic curves match so closely, it may 
be concluded that the discrimination 
of the two sampling plans between 
desirable and undesirable machine 
settings is of the same order of mag- 
nitude. Using the limit gage proce- 
dure, slightly more unnecessary ma- 
chine adjustments are called for 
when the process mean is within the 
control limits, and slightly fewer 
needed machine adjustments are 
called for when the process mean 
is outside the control limits. Apart 
from these slight discrepancies, the 
two sampling plans operate with vir- 
tually the same protection. 


As a consequence, it may be con- 
cluded that a sampling plan which 
calls for a machine adjustment when 
three or more out of five consecu- 
tive units are either above or below 
+1.340' gage limits affords almost as 
much protection against producing 
defective units as does a sampling 
plan which calls for a machine ad- 
justment when the average of five 
consecutive units measured with a 
dial indicator falls outside its con- 
trol limits, and does so with but 
slightly more machine adjustment. 


The particular sampling plan 
chosen to illustrate the application 
of limit gaging was largely a matter 
of convenience. A sample of five was 
chosen because this sample size is 
common in the application of X 
charts for process control. Gage 
limits were set at +1.340' because 
these are the control limits for X 
in samples of five. An acceptance 
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TABLE 4—OC Curve Data for Attribute Inspection with Limit Gages 
(Alternative Gage Limits, Sample Size n 


Process Mean Maximun 


(in standard Percent 
deviations Defective 
from specifi- u 

cation mean) Process 


oo 027 
O5 O64 
10 2.28 
6.68 
20 15.87 
2.5 SO.85 
3.0 50.00 
3.5 69.15 


$4.13 


number of two units out of five 
above or two units out of five below 
gawe limits was set because this 
acceptance number produced an op- 
erating characteristic curve which 
approximated that for variables in- 
spection with a sample of five. Main- 
taining close parallels between the 
two sampling plans is highly desir- 
able from an administrative stand- 
point, particularly on those machine 
operations where the operator is in- 
structed to adjust his machine ac- 
cording to the sampling pian for 
limit gaging and the inspector is in- 
structed to post an X chart according 
to a sampling plan for dimensional 


gaging 


On those machine operations 
where sampling inspection with 
limit gages is to be used as the sole 
basis for process control, it may be 
desirable to adopt different gage 
imits and/or different sampling 
plans. The choice among the vari- 
ous sampling procedures will then 
depend on: (1) how much protection 
against producing defective units is 
required, and (2) how much ma- 
chine adjustment can be tolerated 
To choose the appropriate sampling 
plan, then, the quality control man- 
ager should be familiar with the 
operating characteristic curves of the 
various sampling plans 


The usual go and no-go gage in- 
spection provides gages with limits 
at least as wide as the process spread 
(i.e. +3.000' or * 1.29R’). The quality 
control manager may wish to use 
such gages and establish a sampling 
procedure which will afford as much 
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5) 


Probability 


of Non-Machine 


Adjustment with c or Less Units 


Above or Below Gage Limits (n 5) 
l c 2 c 3 
GL +2470 GL + 1.830 GL 1.340 GL 0.860 
+~1.06R 79R +0.58R +0.37R 


9330 9788 
S764 9293 
6914 7305 
133 3894 
1462 1144 
0277 O160 
0024 


protection against producing detec- 
tive units as does a sampling plan 
based on dimensional gaging of five 
consecutive units. With gage limits 
set at the limits of the full process 
spread it may be found that the ap- 
propriate sampling plan calls for a 
machine adjustment when one ot 
more out of tourteen consecutive 
units are either above these gage 
limits or below them 


Table 3 gives data from which to 
construct the operating characteris- 
tic curve for such a plan, assuming 
the same conditions as stated for 


Table 1 


The entries in the third column 
of this table are obtained as illus- 
trated herewith for the case where 
the process mean X’ is 0.50 above 
the specification mean. Referred to 
this new location of X’, the process 
spread will extend from X 3.50 
to X 2.50". Using a Table of 
Areas under the Normal Curve, we 
then have P(--3.5e + 2.50°) 
0.99357. The probability that all 14 
sample items fall within the desired 
process spread, i.e. that none (c ~ 0) 
fall outside limits, is therefore 
(0.99357) 0.9137 


The similarity between this sampl- 
ing plan and a plan for variables in- 
spection with a sample of five is 
readily apparent from Figure 2 

By virtue of the matching proper- 
ties of the OC curves in Figure 2, it 
may be concluded that a sampling 
plan which calls for a machine ad- 
justment when one or more of four- 
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teen consecutive units are eithe: 
above or below gage limits set at the 
limits of the full process spread af- 
fords almost as much protection 
against producing defective units as 
does a sampling plan which calls for 
a machine adjustment when the av- 
erage of five consecutive units mea- 
sured with a dial indicator falls out- 
side its control limits, and does so 
with but slightly more machine ad- 
justment. 


To guide the quality control man- 
ager in choosing appropriate gage 
limits and appropriate sampling 
plans which will provide approxi- 
mately the same discrimination as a 
sampling plan for variables inspec- 
tion with an X chart based on 
samples of five, data for the operat- 
ing characteristic curves of four al- 
ternative limit gage sampling plans 
have been calculated and are shown 
in Table 4. Using the integers from 
0 to 3 as acceptance numbers, gage 
limits were calculated which would 
yield a 50 percent probability of 
machine adjustment when the pro- 
cess mean coincides with either con- 
trol limit on an X chart for a sample 


of five. 


In choosing an appropriate gage 
limit for the design of a limit gage. 
it is important for the quality control 
manager to be acquainted in detail 
with the condition of his machinery 
at the time when a machine capabil- 
ity study is made to calculate the 
standard deviation («') or the aver- 
age range (R’) for use in designing 
the limit gages. Once the limit gages 
have been built. their flexibility with 
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respect to changing machine capabil- 
ity is limited. In the event that ma- 
chine capability does change, ence 
the limit gages have been built, it 
may be costly to change the gage 
limits; but the quality control man- 
ager should be able to secure the 
necessary flexibility by changing the 
sampling plan to be used with the 
gage (either the sample size or the 
acceptance number) Anticipating 
the future trend of machine capabil- 
ity and the probable required ad- 
justments in the sampling plan, it 
would be desirable that gage limits 
based on machine capability studies 
of new or recently overhauled ma- 
chines be fairly narrow so that the 
sampling plan chosen will have a 
fairly tight acceptance number. Such 
action would permit considerable 
flexibility in limit gage inspection 


by making it possible to relax the 


acceptance number as the machine 
variation increases until an overhaul 


is required. 


In the event that the spread of the 
process as revealed by machine ca- 
pability studies (usually estimated 
as 60’) is appreciably less than the 
difference between the two specifica- 
tion limits, it may be desirable to 
use modified control limits in design- 
ing the limit gages. This presents no 
problem which is peculiar to limit 
gages. For stable processes, it is 
merely necessary to allow each of 
the gage limits to deviate from the 
specification mean by the usual frac- 
tion of the process spread plus one 
half the difference between the spe- 
cification tolerance and the process 


spread. 


This article has concerned itself 


exclusively with the use of limit 


gaging for the control of stable pro- 
cesses (the process standard devia- 
tion, 0, is constant). Without serious 
sacrifice of control over quality and 
with the possibility of saving inspec- 
tion time on some operations, limit 
gaging will frequently be a practical 
gaging 
However, it 


alternative to dimensional 
with a dial indicator 
should be recognized that for un- 
stable processes, or when the stabil- 
ity of the process is in doubt, resort 
to the conventional X and R chart 
may be justified as a diagnostic tool 
for distinguishing between shifts in 
the process level and shifts in the 
process spread. Even when limit 
gages are used with supposedly 
stable processes, it is desirable to 
make periodic machine capability 
studies to accept or reject the sampl- 
ing plan used with the limit gages 


and to schedule machine overhauls 
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The Empirical Approach to the Theories 


7 often the mechanics of control 
chart construction or of statistical 
analyses assume values or formulas 
for which there is no intimation of 
their origin or validity. Surely, stu- 
dents and users are entitled to un- 
derstand a little about the funda- 
mentals of processes they use and 
deserve better treatment than the 
necessity of grinding through the 
mathematics of the theories. An ap- 
proach which makes use of an em- 
pirical or laboratory method to se- 
cure approximations to the desired 
values may possess the attribute of 
simplicity and so beget understand- 
ing. At times such a method may 
even approximate the general plan 
of reasoning found in the mathemat- 
ical proofs. 

Four examples of the empirical 
approach are selected. The first is 
that of the relationship between the 
standard deviation of the means of 
samples and the standard deviation 
of the original population. 


I—VERIFICATION OF THE 


FORMULA 


o 
x 


Vn 

It is not necessary, but it is con- 
venient, to base this example upon a 
normal frequency distribution. An 
approximately normal frequency 
polygon of 500 items is shown in Fig- 
ure 1. For this distribution the value 
of the mean is 15.5 and that of the 
standard deviation is 4.972. 


*This paper was given before the Metropol- 


itan Section of the American Society for 
Quality Control at Princeton on December 
1. 1950. The device shown in Figure 3 and 


Sections HI and IV of the paper were creat- 
ed for teaching purposes in 1932 by myself 
und Mr D. H. Leavens. During the subse- 
quent 19 year other teaching procedures 
have been developed from which Sections I 
und Il were selected because of their inter- 
est. The devices were deliberately designed 


with the intent to instruct rather than to 
entertain and were constructed from easily 
available materials ¢ low cost. Their 
final cost in terms of material and labor 


places them within reach of any teachers 
for whom the cost of laboratory-built pre- 
gadgets would be prohibitive 


cision 
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The first step in making use of this 
distribution is to draw samples from 
it and to record the results on the 
chart. For this purpose, each value 
corresponding to an “X” in Figure 1 
was typed on a piece of paper and 
the paper enclosed in a gelatin cap- 
sule. A sample of 2 was drawn by 
taking successively two capsules 
from the mixture. Figure 2 shows 
the device used. The two values of 
the samples were recorded on Fig- 
ure 1 by circling the appropriate two 
X's on the lowest line of the chart. 
A check mark indicates the mean 
value of this sample of 2. Three ob- 
servations can be made about the 
record of several such 
samples: first, that the individuals, 
and hence their mean, must always 
be within the boundaries of the orig- 
inal population: second, the two 
items of the sample are not likely to 
be extreme values on one side of the 
so that their mean tends 
about the center of 


successive 


distribution 
to concentrate 
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Figure 1; and third, these mean val- 
ues in themselves begin to form a 
frequency distribution, for which a 
standard deviation can be computed. 
This standard deviation is usually 
assigned the symbol o-. 


An experimental verification of the 
formula is now in order. Here, a 
fairly large number of samples of 
one size is desirable. For example, 
100 samples of 2 can be drawn from 
the population and the mean value 
determined for each sample. These 
mean values in turn form a frequen- 
cy distribution for which the stand- 
ard deviation can be computed. This 
is, in fact, the experimental value 
of oz. A similar process can be car- 
ried through for samples of other 
sizes. 

In order to save time, instead of 
working with 100 samples, five sam- 
ples of 2 will be drawn and their 
averages computed. The resulting 
values will be combined with the re- 
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Figure 2—Sampling Device for Experiment I 


Sample 
Number Sample Values 
1 6 18 
2 18 11 
3 20 19 
4 13 17 
5 20 16 


Totals 


TABLE 1—Five Additional Drawings 


Mean (Mean)? Range 
12 144 12 
14.5 210.25 7 
19.5 380.25 1 
15 225 4 
18 324 4 


79 1,283.50 28 


TABLE 2—Summary of Experiments 


Experimental Value ........... 
Theoretical Value ........ 


sults from 95 additional samples 
previously drawn. The data for the 
five additional drawings are as 


shown in Table 1. 


For the additional 95 samples al- 
ready drawn, the sum of the mean 
values is 1,527. It is now necessary to 
add only the total (79) of the mean 
values of the last five samples from 
Table 1. This total is 1,606. The 
grand mean value of the 100 samples. 
therefore, is 16.06 


Similarly, the sum of squares of 
the individual 95 mean values is 
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100 Samples of 
2 4 5 


3.856 2.790 2.065 
3.516 2.486 2.223 
0.340 0.304 0.158 


25.996 and that for the five from 
Table 1 is 1,283.5. The grand total 
of the sum of squares, then, for the 
100 samples is 27,279.5. From this 
and the value of the mean, the 
standard deviation* can be comput- 
ed. Its value is 3.856 

Two different approaches may now 
be taken in the presentation. Either 


*The formula used is 
/SxX2 - n(X)2 
n 


27,279.50 - 100 (16.06)- 


\ 100 


the theoretical formula may be as- 
sumed and the results of the ex- 
periment compared with theory, or 
this one experimental result may be 
held in abeyance until samples of 
other sizes have been computed, and 
then from a study of these empirical 
results the theoretical formula may 
be estimated. The first, which is the 
simpler of the two approaches, will 
be used here. The theoretical for- 
mula tells us that the standard de- 
viation, which has just been comput- 
ed, should be equal to the standard 
deviation of the original population 
(4.972) divided by the square root 
of the number in the sample (2). 
This value is 4.972/\/2 = 3.516. The 
experimental value noted above is 
3.856. Corresponding results for 100 
samples of 4 and 100 samples of 5 are 
shown in Table 2. 


In each case it will be noted that 
the agreement seems to be reason- 
able. An appropriate significance 
test will show that these differences 
are not significant at the 5 percent 
level. 


II—VERIFICATION OF THE 
TABULAR VALUES A.,, D,, and D, 


The values A», Ds, and D, are used 
to construct X and R charts through 
the use of the following formulas: 


UCL = X + A.R, 
LCL =X~- AR. 
For the range, the two limits are: 
UCL = D,R, 
LCL = D,R. 


The original research by Tippett in 
BIOMETRIKA had as its objective 
the discovery of the relationship be- 
tween the mean range derived from 
a number of samples of a given size 
and the standard deviation of its 
normally distributed parent popula- 
tion. This immediately suggests an 
experimental approach. 


By breaking up data for samples 
of 4 and 5 summarized in Table 2, 
there were available data for 495 
samples of 2. From these the range 
was computed for each sample. The 
total value or sum of the ranges for 
these 495 samples of 2 is 2,708. From 
the five samples of 2 already drawn 
and shown in Table 1, the total of the 
ranges is 28. It follows that the sum 
of ranges for the 500 samples is 2,736. 
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Thus, the mean range of the 500 
samples is 2.736 500 — 5.472. Since 
the ratio of this mean range to the 
standard deviation of the parent pop- 
ulation is one of the values we seek, 
its value is 5.472 4.972 — 1.100. This 
is an empirical value of the quantity 
known as d., which (for samples of 2) 
has the value 1.128 as determined by 
mathematical theory. Since the X 
chart establishes control limits for 
the average of several observations, 
rather than for the individuals, the 
limits will be set at 3o-, rather than 


at 3e 
control limit will be X + 30- 


This means that the upper 
Now, 


since the relationship between the 
average range and the standard de- 
viation examined above is for « and 


not for o-, and since o- — o 


limit will be x 


\n, our 


upper control 


30'/\/n 


It has already been seen that d, 
is the ratio of the mean range to o 
In algebraic symbols, d,. Ro, 
whence o R d,. Substituting this 
in the upper control limit, we have 
3R d.\/n. The coefficient of R 
is A,. From the experiment for 
samples of 2, we have found that the 


value of d, was 1.100. Since \/n 
\/2 = 1.414 for samples of 2, the em- 
pirical value of 1.555, 
whence A, 3. 1.555 1.93. For 
samples of 2, the theoretical value of 
A. is 1.88 as determined by mathe- 
matical theory 


For the range, the two values D, 
and D, are found as follows: the up- 
per control limit for ranges is R 
3en. The problem now is to find the 
relationship between oe and R. For 
this purpose, the ranges of the 495 
samples of 2 were used, plus the 
ranges for the additional five drawn 
in the experiment The average 
for the 500 samples of 2 
From these 


range, R, 
was found to be 5.472 
same data, the value of on was found 
to be 4.191. The ratio on R. there- 
fore, was 0.7659 


If this ratio is assumed to hold for 


all samples of 2, for a new sample of 
2 we will have o 0.7659R and 
oe 2.298R. Hence, the upper con- 
trol limit will be 
UCL = R + 3a 
R+230R 3.30 R 


TABLE 4 


Samples of 2 


Number of Probability 


Black Balls 


Drawing x 


x f fx {x- 
0 (.9) (9) 81 0 0 
1 (2) (9) (.1) 18 18 18 
2 (.1) (1) 01 02 04 
Totals 1.00 20 22 
Arithmetic Me: 
Arithmetic Mean sf 1.00 wr 
fx? fx \- 22 
standard Devi 2 2)? = 18 
(Standard Deviation) sf ( sf ) 1.00 (<) 


The experimental value of D, is 3.30. 
Its true mathematical value is 3.27. 
Similarly, the value for the lower 
control limit is: 


LCL = R — 
R — 230R 
R (1 — 2.30), 
a negative number Because a 
negative value is meaningless, D, is 
assigned the value zero for samples 


of 2 


III—STANDARD DEVIATION OF 
THE BINOMIAL DISTRIBUTION* 


Coin Problems 


The game of pitching a single coin 
provides a convenient medium 
which is analogous to the rejection 
or acceptance situation of an inspec- 
tion department. If the coin turns 
up tails, this corresponds to a re- 
jection. If it turns up heads, this rep- 
resents an Such a 
simple case does not carry the prob- 
lem very far toward useful informa- 
tion. Two coins will provide a better 
opportunity. 


acceptance. 


If both a nickel and a dime are 
thrown, one of four possible situa- 
The four possibil- 


tions will result 
ities are 


Nickel Dime 
H H 
H 
T H 
7 T 


Since there are four equally likely 
ways in which the coins may fall, the 
chance of two 14 This 
means that once out of four times 
both coins theoretically fall heads 
The probability of having a head and 
a tail is *, and that of two tails is 
'y It is to be noted that the sum 


heads is 


*Taken from notes copyrighted 1948 by 


Theodore H. Brow 


f these three fractions is unity. The 
unit sum expresses the certainty that 
one or another of these individual 
events must occur. There can be 
only two heads, a head and a tail, or 
two tails. In the following Table 3, 
the results are tabulated for 1, 2, and 
3 coins. 


TABLE 3—Probabilities in Tossing 


Coins 
No. of No. of 
Coins Heads 
0 1 2 3 
1 
2 My 
3 1 8 3K 1 


The completed table suggests (1) 
that values for “no heads” is the 
chance of no heads raised to the 
power of the number of coins used: 
(2) that there seems to be a system- 
atic arrangement of the numerators 
of the various fractions for a given 
number of coins; and (3) that these 
numerators can be plotted in the 
form of a frequency distribution 
These terms are in fact the terms 
of the expansion of (q p)", where 
q is the chance of failure, p is the 
chance of success, and n is the num- 
ber of coins. This algebraic expres- 
sion will be recognized as an appli- 
cation of the binomial theorem 


Sampling Experiments with Black 
and White Balls 


A coin has only two sides. Some 
way is needed of getting a larger 
variety of experience into the de- 
nominator of the probabilities than 
is possible with a coin, which pro- 
vides a fixed probability of success 
of one half. A box or urn which can 
be filled with 
of black and white balls will do the 
trick 


varying proportions 
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The process of sampling a box of 
white and black balls is affected by 
two things. One is the number of 
balls in the sample; the other is a 
change in the proportion of the black 
and white balls in the box. This pro- 
vides an opportunity to determine 
the value of the standard deviation 
by varying first the size of the 
sample, or the number of balls 
drawn, meanwhile keeping the pro- 
portion of black and white balls in 
the box fixed, and then in turn vary- 
ing the mixture in the box, keeping 
the size of the sample fixed. By this 
method the influence of each of the 
two factors on the value of the 
standard deviation is determined, 
and then by combining the informa- 
tion provided by these data a for- 
mula is chosen which will express the 
combined effect of the two elements 


Suppose that the box contains 50 
black balls, representing defective 
pieces, and 450 white balls, repre- 
senting good pieces (500 pieces in 
all). If a sample of one is drawn, 
the chance of drawing one black ball 
is 50/500, or 0.1, and the chance of 
drawing no black balls is 450/500, or 
0.9. Consequently, the chance of 
failure is q = 0.9 and the chance of 
success is p = 0.1 


If a sample of 2 is drawn st ran- 
dom from the mixture, the chances 
of drawing 0, 1, or 2 black balls can 
be computed by the same procedure 
which was employed for the coins 
The chance of occurrence, mean, 
and standard deviation are com- 
puted as in Table 4, where the sym- 
bol f here represents relative fre- 
quency but is used in precisely the 
same way as would be done with an 
absolute frequency in the usual fre- 
quency table. 


The values as computed repre- 
sent three classes of a frequency dis- 
tribution with their sum equal to 
one. This, however, is only a nu- 
merical limitation. For example, the 
total number of cases, instead of be- 
ing one, might be 10,000. Then the 
theoretical number of cases in which 
neither of the balls will be black is 
8,100; similarly, there will be, the- 
oretically, 1,800 cases in which one 
of the balls will be black and 100 
cases in which both will be black 
Clearly, these are the theoretical 
values for indefinitely large num- 
bers of samples and finite (limited) 
experience will only approximate 
them. 
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In the computation for samples of 
2, the proportion of defective pieces, 
represented by the black balls, was 
maintained constant and only the 
size of the sample was altered. Simi- 
lar computations can be made for 
samples of larger size. The results 
are written in the following table, 
where only the square of the stand- 
ard deviation has been used. 


TABLE 5—Samples from Same 


Universe 


Sample of Size 


n Average o? 
2 .20 18 
4 40 36 
6 60 54 
8 .80 

10 1.00 90 

12 1.20 1.08 

14 140 | 1.26 

16 160 | 144 


What is now wanted from the 
above theoretical data is an appraisal 
of how the square of standard devia- 
tion varies with the number of items 
in the sample. Examination of the 
table shows that the ratio of o? to n 
is constant. This is not an accident; 
it will always be true, provided the 
proportions of black and white balls 
are kept constant in the mixture. 


We are now ready to appraise the 
effect of varying the proportion of 
defectives (black balls) in the mix- 
ture. For this, the size of the sample 
will be kept fixed and the proportion 
of black and white balls altered. The 
simplest sample size to use for a 
minimum of computation is 2. In the 
following Table 6 the sample size of 
2 is used throughout. This size of 
sample has already been used in the 
computation of the average and the 
square of the standard deviation for 
a mixture of 10% black and 90% 
white balls. The results for several 
other mixtures are given in the table 
In addition, the final column takes 


out the size of the sample of 2, which 
has been found above to bear a 
direct relationship to o?. 


Remembering that p stands for the 
percent of black balls and q for that 
of white balls, the problem becomes: 
first, make a judgment as to how 
the numbers in the last column can 
be obtained from the figures of per- 
centage of black and white; and 
second, write a formula in terms of 
p and q. Proceeding in this man- 
ner, we are led to write o?/2 = pq, 
whence o = \/2pq. Now, since 2 is 
the size of the sample for this case, 
in the general case where n is the 
size of the sample, we will have 


o?/n = pq, whence o = \/npq 
\V/np (1 — p), since p + q = 1. 


IV—t—TEST* 


The fourth problem is that of ob- 
taining an understanding of the 
background for the t-test. The form 
of the t-test which has been selected 
is that which tests an observed 
sample mean X to see whether the 
observed X could reasonably have 
been a member of a population of 
averages which has the standard X’ 
as its mean. The variable t may be 
defined by the following equation: 


x 


Here o- represents the standard de- 
viation of means of samples. 


This definition of t is a natural one 
Consider first the numerator. The 
question is whether the mean of a 
sample, X, differs so much from the 
standard, X’, that the two must be 
judged to have originated in two 
different populations. The denomina- 
tor is naturally a standard deviation 
because its use converts the differ- 

*Data taken from notes copyrighted in 


1948 by the President and Fellows of Har- 
vard ollege 


TABLE 6—Samples of 2 


Black Balls White Balls 
Percent Percent 
10 90 
20 80 
30 70 
40 60 
50 50 


Average | o? o?/n = 07/2 
.20 18 | 09 
40 32 16 
60 42 21 
80 | 48 24 
1.00 | 50 25 
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ence expressed by the numerator in- 


to standard units, which can be re- 
lated to a known frequency distribu- 
tion. Without this conversion into 
standard units, the significance of 
the t-test would be lost 

Now it happens that at times val- 
ues of t can occur easily by chance 
This arises when X and X’ both be- 
long to the same population. The 
question is how to design an ex- 
periment which will provide values 
of t and which will reflect the fre- 
quency of the various chances. The 
distribution of such values should 
provide an approximation to the 
basic mathematical distribution. A 
symmetrical distribution which is 
not too unlike a normal one is shown 
in Table 7. X’, in the formula for t, 
is chosen as the actual value of the 
mean of this distribution. Samples 
are then drawn and the values of t 
are computed. Because X’ and all 
samples are drawn from the one 
population, the resulting t-values 
must be caused only by chance 


TABLE 7-—-Distribution of Bead 


Population 
Fre- 
Value quency 
Code Color x f {X 
R 1 20 | 20 
2 80 160 
Y 3 120 360 
G 4 80 320 
B 5 20 100 


Mean 3= kX’ Totals 320 960 


The device used to draw the 
samples is shown in Figure 3. Be- 
cause this device makes use of beads 
which are difficult to identify by 
number, it is a little easier to code 
the varying magnitudes in terms of 
color. Table 7 shows this coding, in 
which R stands for red, and so on 
The box is so constructed that inter- 
nal baffles ensure a thorough mixing 
of the beads as the box is rotated on 
the horizontal axis. The box can 
then be tipped so that a sample of 
10 appears in the stem 

As in the previous problems, the 
routine time of drawing many 


samples is reduced to a manageable 
form by including samples for which 
values have already been computed 
In this case, the values for five sam- 
ples are first determined and their 
results then added to 95 samples for 
which t-values have been computed 
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Figure 3—-Sampling Device for Experiment IV 


Table 8 shows the data for the five 
samples. Table 9 presents the values 
previously computed for 95 samples 
of 10 and adds the values for the five 
samples. This table is in the form 
of a frequency distribution of 100 
items. Theory gives the mathema- 
tically calculated values of t for 9 
degrees of freedom in percentage 
form, which can be compared im- 
mediately with the experimental fre- 
quencies of 100 samples 


imental 


The distribution of expe: 


values contains some obvious dis- 


Sample Mean 
Number X X 
1 3.4 1.173 O04 
2 33 1.059 03 
3 3.1 1.449 ~O.1 
4 3.0 1.333 0.0 
5 2 0.823 0.3 
TABLE 9—Summary Data 
Total Fre- 
Frequency Frequency quency for 
t-Value for 95 Samples for5 Samples 100 Samples 
3.749 to —2.250 5 a 5 
2.249 to —0.750 20 1 21 
0.749 to +0.749 54 2 56 
+0.750 to +2.249 15 2 17 
0 1 


+2.250 to +3.749 1 
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theless 


a 


ies The 


lve 


a 


iputior aiso 
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n appropriate chi-square 


test will show that these differences 


are not significant at the 5 percent 


level. 


The obvic 


yus fact now is that 


in any actual case the value of t has 


got ¢t 


be sufficiently 


large so that 


a similar value would be extremel) 


unlikely to occur in 
such 


that which 


an experiment 
has just been 


described. In such an event, X and 


x’ 


probably do 


same population 
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It is common procedure in many 
plants to record the performance 
data of different machines, shifts, 
and operators. A technique of com- 
bining and analyzing these data 
from the different possible sources 
is illustrated in the following para- 
graphs. The method is a _ very 
powerful one and is worth the con- 
sideration of quality control men. 

We have selected some data from 
a very interesting article by J. 
Stuart Zahniser and D. Lehman* as 
the central data to illustrate dif- 
ferent methods of analysis. These 
data relate to the performance of 
five different presses (machines) 
over three different shifts. The data, 
recorded in Table 1, indicate both 
the number of times each press was 
checked and the number of times 
its performance was so unsatisfactory 
that the press had to be shut down 
for repairs; this latter item is indi- 
cated by “number of shut-downs”. 
We quote from the Zahniser-Lehman 
article: 

“As the product comes from these 
presses, there are 57 separate character- 
istics that require an inspector's audit. 
It takes two or three minutes to com- 
plete the examination of a single piece 
Yet the combined production from these 
presses reaches more than a million a 
day. To cover this job with a series of 
charts for variables would require a 
minimum of 15 inspectors, . (We) 
use a chart that we call a “shut-down” 
chart. The shut-down chart is a p-chart 
on which each point gives the percent- 
age of checks resulting in shut-downs 
for a given press on a given shift during 
a two-week period. On this chart, n 
represents the number of times the 
press has been checked on this shift 
during the particular period” 

“Typical data for a shut-down chart 
are shown in Table 1.” 


* “Quality Control at Talon. Incorporated 
Industrial Quality Control, March, 1951, pp 
32-36 
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“The percentage of checks resulting 
in shut-downs in the department 

10°. The average number of checks 
per press per shift 750/15 50 
Press #2 on C-shift is in this case out 
of control at 25.4% and we look for the 


assignable cause”. (See Figure 1). 


TABLE 1—Talon’s Press-Shift Performance Record 


% of checks 


Press Number of Number of 
Number Shift times checked shut-downs resulting in 
shut-downs 
1 A 50 2 4.0 
B 55 7 12.7 
40 4 10.0 
2 A 45 3 6.7 
B 55 3 5.5 
Cc 55 14 25.4 
3 A 40 0 0 
B 35 3 8.6 
S 45 0 0 
4 A 50 6 12.0 
B 55 9 16.4 
| 60 11 18.3 
5 | A 60 4 6.7 
B 45 3 6.7 
Cc 60 6 10.0 
| 
UCL222.6 
20 a 
2 
10 
x 
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“The speed of the presses has been 
increased by 32° since control charts 
were first applied. Nevertheless, we 
find that the percentage of audits which 
result in shut-down has been cut 
squarely in half. Obviously the quality 
of product coming from them is vastly 
better than it was three years ago, even 
though our charts measure quality only 
indirectly.” 


The merit of records of this kind 
which are also charted for a con- 
tinuing history is thus clearly dem- 
onstrated. Since the authors did not 
indicate their methods of looking for 
the assignable causes either of defi- 
nitely inferior or superior perform- 
ance, we have taken this opportunity 
to present three different methods 
of analyzing these particular data. 
The methods are applicable to a wide 
variety of manufacturing situations 


Analysis 1 


There are 15 individual points 
which can be plotted, if desired, on 
an ordinary p-chart. The average 
percent of shutdowns is 

75/750 10 10% 


Although sample sizes vary from a 
low of 35 to a high of 60, control 
limits can be set “tentatively” cor- 
responding to n 50 which is the 
average sample size. The limits are: 

UCL 22.6% and LCL 0. 
From Figure 1, it is apparent that 
the percent of shutdowns of Press #2, 
Shift C, exceeds the UCL, indicating 
the presence of an assignable cause. 
It might be noted that n 55 cor- 
responds to this point; this has the 
effect of narrowing slightly, for this 
one point, the control limits which 
were computed on the basis of n 
50 

Conclusion: This analysis indi- 
cates the presence of at least one 
assignable cause. Whether it is the 
press or the shift or both which 
need corrective action does not ap- 
pear from this analysis 

Two things should be noted here: 
(1) this much data should contain 
more conclusions than have been so 
far indicated in our analysis, and 
(2) data of this type may frequently 
contain evidence of peculiar be- 
havior even though no individual 
point is outside control limits 


Analysis 2 


Let us consider an extension of 
our Analysis by arranging our data 
in the form shown in Table 2 


38 


TABLE 2-—Table of Shut-Downs (Overall = 10°.) 


PRESS 
f, 
SHIFT 1 2 3 1 5 Total 
A 2 3 0 6 4 15 
n=50 45 40 50 60 245 
B 7 3 3 9 | 3 25 


In Table 2, we have indicated the 
original data displayed in a form 
which often allows a more power- 
ful analysis. (The numbers in the 
lower right-hand corner refer to the 
number of checks made.) We have 
indicated, at the right, the total num- 
ber of shutdowns extended over each 
shift to include all five presses. 
Peculiarities will often be indicated 
from combined groupings, of this 
type, which are not apparent other- 
wise 

The percent shutdowns on Presses 
#1 through , 5, respectively, are: 
9.0%, 12.9%, 2.5%, 15.7%, and 7.9% 
The corresponding sample sizes are, 
respectively: 

145, 155, 120, 165, and 165. 
We can graph the above percents 
and set tentative control limits on a 
new p-chart corresponding to the 
average sample size, n 150. The 
p-chart is shown in Figure 2 

Press Performance: The percent of 
shutdowns for Press #3 is outside 
2-sigma limits and is very close to 
the 3-sigma limit. (Actually, n = 120 
for Press #3, and this has the effect 
of widening the limits slightly.) 
What do we conclude? If we had 
additional data in the files, we 
should examine it to see if our sus- 
picion that Press #3 is exceptionally 
good is substantiated during previous 
operation. Also, we should repeat 


20 ucts 


Figure 2 


“tetsoar 


this analysis at the next opportunity 
This assumes that we have no reason 
to believe that Press #3 contains any 
particular adjustments or factors 
which predict that its performance 
should be better than the other 
machines. We may be reasonably 
confident that, in some way, the data 
from Press #3 is different from the 
general average of 10%. If the press 
contains some feature which is ex- 
ceptionally favorable, we want to 
discover what it is, and incorporate 
it into the operation of the other 
presses if that is economically feasi- 
ble. 

Similarly, we should check with 
any other available data to see if 
Press #4 indicates habitual poor per- 
formance. If it does, we will attempt 
to identify and eliminate the unfa- 
vorable feature. We have not given 
definite proof that Press #4 is bad 
(compared to the others)—but there 
is a suspicion that its behavior is 
different. 

Shift Performance: The percent 
shutdowns on Shifts A, B, and C 
are, respectively 

6.1%, 10.2%, 13.4%. 
Sample sizes are 

n 245, 245, 260. 
A graph of these data is shown in 
Figure 3, with the control limits. Al- 
though no individual point lies out- 
side 3-sigma limits, the presence of 
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two points very close to 2-sigma 
limits may be enough to cause us to 
ask, “Is there anything in our plant 
experience with this process to make 
us think that Shift A may be above 
average and Shift C below average 
in performance?” straight- 
forward control chart analysis does 
not give quite enough evidence, by 
itself, to argue that one shift is either 
better or worse, fundamentally, than 
another. In many situations, how- 
ever, it will indicate clearly a dif- 
ference which Analysis 1 will not 
show. Also it points definitely to the 
reason for the different performance 


An sis 3 


Although the may be no single 
point outside c -ntrol chart limits to 
indicate fundamental differences in 
behavior, it may still be true that the 
overall pattern of variation indicates 
that the variations observed are 
probably not chance variations from 
a process operating at a fixed level. 
The chi-square (7°) technique* is 
a measure of the overall variability 
of a set of data to indicate whether 
the variability is unusual. Some 
quality control men may be 
interested in this analysis—it is often 
unnecessary but it is worth while to 
learn. 

Let us extend the right side of 
Table 2 by adding the two columns 
labeled F, and (f, — F\)?/F;. 


TABLE 3—Differences in Shifts 


(Chi-Square) 
F, | (f,—F,)? 
Total (10°) F, 
| A 15 24.5 37 
| 245 
| B| 2 | 245 0.0 
245 
| 
| c | 26.0 3.1 
260 
| 
Total =68 


The computed vaiue of 7° is 6.8 on 
the basis that the theoretical ex- 
pected percent (F,) in each of the 
three categories is 10%, which is the 
overall percent of shutdowns. To 
determine whether a value of 7? as 
large as 6.8 from three groups of 
data is unusual, (i.e., there are 3-1 

2 “degrees of freedom”) we consult 
tables which have been prepared 


® See Introduction to Statistical Analysis 
by Dixon and Massey, McGraw-Hill Book 
Company, Inc., pp. 184-189 
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TABLE 4—Differences in Presses 


Press Observed 
f 
l 13 
#2 20 
*3 
26 
#5 13 


Theoretical (f, — F,)? 
F, (10%) F, 
14.5 15 
15.5 1.31 
12.0 6.75 
16.5 5.47 
16.5 75 
Total 7° = 14.43 (df = 4) 


In Table 6a, p. 308 (Dixon and 
Massey, loc. cit.,), or from similar 
tables, the critical values are read as 
follows, corresponding to our 2 de- 
grees of freedom (d_-f.) 
5.99 at 95% 
7.38 at 97.5% 

Our value, x? 6.8, lies between 
these two values, and indicates that 
the probability of getting a smaller 
value than obtained here, on the 
basis of chance, is approximately 
96°. Thus, on the basis of this sta- 
tistical analysis,’ there is about one 
chance in twenty-five (4%) that this 
is just chance variation. We may 
therefore suspect that there is a real 
difference between shifts here, i.e., 
more of a difference than we would 
usually expect to find due to chance 
only. 

Similarly, we may compute z° for 
possible effect of presses, as shown in 


Table 4. 


(2 df.) 


The critical values (Table 6a) are 
as follows: 
13.28 99% 
14.86 99.5° 
In other words, there is even more 
evidence that there is a genuine dif- 


(d.f 4) 


ference between machines than there 
is between shifts. This is a sub- 
stantiation of the suspicion that we 
drew from the control chart analysis 


Conclusion 


In analyzing data from several 
groups of machines, operators, shifts, 
processes, batches, etc., it is fre- 
quently possible to draw more im- 
portant conclusions if we combine 
the data as in Analysis 2 than if we 
examine only the individual records 
of performance. If there is still 
doubt about the analysis, it will 
sometimes be in order to use the 
“fancier” analysis of the chi-square 
method, such as in Analysis 3. 

The importance of being able to 
“point a finger” at the reason for 
any difference in performance, as 
provided either by Analysis 2 or 3, 
is apparent. 

The method of combining data 
validly from several different sources 
can frequently be applied to exist- 
ing data from three or more different 
sources. Consequently, the technique 
becomes important to the develop- 
ment and research man as well as to 
the production man. 
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COME ON IN, THE WATER'S FINE 

I am pleased to report that one 
half of this job of being problems 
editor is a cinch. That part is getting 
the problems. The job of getting dis- 
cussion on these problems is pro- 
gressing more slowly, but there is 
progress. Send in your problems, as 
well as your reaction to those al- 
ready stated. Eventually we will get 
some sort of answer 


WHERE DO YOU WORK-A, 
JOHN? 


One thing we are in doubt about 
is the question of credit lines fo: 
problems. Should we list the name 
and affiliation of the person who 
submits the problem? Seems to me 
that this helps to insure that the 
problems are real. Otherwise I could 
be just making them up, than which 
nothing is easier. 


On the other hand, some compa- 
nies may not wish to admit that 
there are any problems which they 
haven't solved, or they may wonder 
what they are paying you for, if you 
don't know all the answers. What is 
your reaction? 


SLIGHT PAUSE FOR STATION 
IDENTIFICATION 


We have deliberately missed the 
past two issues, getting reactions to 
the first problem page. We expect to 
appear on schedule from here on 
with new problems, suggested solu- 
tions, or progress reports 


Project 1—Progress Reports 


This suggested project, concerning 
limit gauging and test of increased 
severity, brought several interesting 
replies 

Frank Satterthwaite of the Chemi- 
cal Department, General Electric 
Company, sent in a copy of “Quality 
Control by Limit Gauging,” prepared 
by the Advisory Service on Quality 
Control, British Ministry of Supply, 
in October, 1944. The essence of 
this article is available in Edward 
Schrock’s “Quality Control and Sta- 
tistical Methods.” 

Ellis Ott of Rutgers University 
pointed out a discussion in Dudding 
and Jennett’s “Quality Control! 


Problems Department 


PAUL C, CLIFFORD, Editor 


Chart Techniques When Manufac- 
turing to a Specification.” 


John Tukey of Princeton recom- 
mended an article on the theoretical 
foundations by W. L. Stevens: “Con- 
trol by Gauging,” Journal of the 
Royal Statistical Society, Series B, 
Vol. 10, No. 1, 1948. 


William Gore of DuPont in Wil- 
mington sent in a first draft on 
“Tests of Increased Severity” which 
was the result of some original work 
that he did four or five years ago. 


On the industrial side, Jack Meroz 
and Ed McCauley sent in a “Band 
Chart” they have developed for use 
in the Timken-Detroit Axle Compa- 
ny. August Mundel reported some 
experiments using control gauges at 
Sonotone. Paul Dickerson of West- 
inghouse reports similar experi- 
ments 


It appears that this first project 
was quite a big one. The results so 
far are quite confusing. This seems 
to be due to different assumptions, 
some of which are unstated. Some of 
the solutions attempt to control slip- 
page of the mean, assuming control 
of the variability. Others depend on 
the normality of the distribution, 
while still others are using control 
gauges in place of “modified” control 
charts 

This suggests that what is needed 
is a long expository article survey- 
ing the entire field, examining the 
assumptions on which each proce- 
dure is based, and comparing the 
efficiency of different solutions 
Your Editor has asked Thomas 
Budne of Squibb (and Rutgers Uni- 
versity) to help him prepare such an 
article. We would appreciate hear- 
ing of other experiences with con- 
trol gauging so that this survey will 
be as comprehensive as possible 


Problem 2 

Suggested by David N. Collins, 
Georgia Section 

Given two small equal samples of 
unpaired data, the statistic computed 
is 1/(X, X.). How should the 
variance of this statistic be esti- 
mated? This problem occurs in cali- 
bration of an analytical balance, but 


Problems for solution, and cor- 
respondence concerning material 
published in this department, 
should be addressed to 

PAUL C. CLIFFORD 

39 Norman Rd 
Montclair, N. J. 


the reciprocal of this difference is 
used in the determination of an un- 
known weight. 
Problem 3 

Suggested by Paul A. Noakes, 
Indianapolis Section 

In attempting to evaluate’ the 
quality level of each of a group of 
assembly departments, the use of 
demerits has been attempted. Due 
to inherent difficulties of certain as- 
semblies, differences in economic 
value as well as variability in ex- 
perience with different assemblies, 
this procedure has not been too sat- 
isfactory. What other procedures 
have been followed in attempting to 
evaluate department performance? 

Problem 4 

Suggested by Thomas A. Budne, 
Metropolitan Section 

In using probability paper to esti- 
mate the mean and standard devia- 
tion of a sample, what procedure 
should be followed in drawing the 
line which gives this estimate? We 
are “fitting” a line to a set of points 
However, the usual technique of 
least squares cannot be followed 
The usual procedure is to fit the line 
by eye, which is subject to all the 
errors of any “eye” test. 

Comment on Problem 4 

I had previously discussed this 
problem with Enoch Ferrell of Bell 
Telephone Laboratories. He has 
suggested several interesting tech- 
niques which tend to minimize the 
error, in estimating X and o in a 
sample from a normal distribution 
One of the most interesting has to 
do with the use of normal probabil- 
ity paper in ‘naking estimates from 
non-normal distributions. I shall re- 
port on this discussion sometime in 
the future, but in the » eantime I am 
interested in discoveriog what 
techniques may have been devel- 
oped 


How do you like the “heft” of 
this January issue? 
We're starting out with 
“59 
and a separate heavier corer 


M.E.W 
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ELEMENTARY PRINCIPLES OF 
STATISTICS 

A. C. Rosander, D. Van Nostrand 
Company, New York, 1951. x + 693 
pp. $6.00. Review by Paul R. Rid -, 
Professor of Mathematics, Wasl. . g- 
ton University, St. Louis, Missouri 
and Mathematical and Statistical 
Adviser to Flight Research Labora- 
tory, Wright-Patterson Air Force 
Base, Dayton, Ohio 


This book treats in an elementary 
fashion the usual topics to be found 
in an up-to-date book on statistical 
methods. In addition, it takes up 
certain topics sometimes omitted in 
such books and discusses in detail 
other topics briefly considered by 
them. For example, it is very grati- 
fying to see a rather full discussion 
of the important subject of sampling. 
Some of the phases of sampling that 
are treated are: sampling from a 
finite population, nonrandom or 
judgment selection, such as quota 
sampling, stratified sampling (to 
which an entire chapter is devoted), 
serial selection, and other types of 
restricted sampling, sequential 
sampling, and sample size. In other 
words, considerable attention is 
given to the obtaining of samples as 
well as the analysis of the results. 


The principal criticism of the book 
is that the author's style lacks the 
precision which is necessary in a 
book of this character. Many of the 
statements and definitions are con- 
fused, or even erroneous. Several 
examples of what is meant will be 
given. 


On page 102 the following sentence 
is found: “The probability of occur- 
rence of a specified range of a variate 
which has a fixed population distri- 
bution is equal to the area under the 
proportions distribution between the 
specified limits.” What is meant is 
that the probability that a variate 
from a fixed population will lie be- 
tween two specified limits is equal 
to the area under the frequency 
curve between the two limits (it be- 
ing understood that the total area 
under this curve is unity). 


“Error” is defined on page 210 as 
“the deviation of an observed or ob- 
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A. C. Cohen, Jr., Editor 


Correspondence and sugges- 
tions concerning book reviews 
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Professor A. C. Cohen, Jr. 
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University of Georgia 
Athens, Ga. 


tained value of x from a true or ex- 
pected value X”. In the next para- 
graph the three main classes of error 
are stated to be errors of measure- 
ment, errors of estimation, and er- 
rors of inference. An error of infer- 
ence would hardly come under the 
definition. 


In Chapter 24 on Statistical Infer- 
ence there is considerable confusion 
regarding the meaning of hypothesis. 
A hypothesis is an assumption, not 
an inference, and hardly a proposi- 
tion as the author states. It is cer- 
tainly not put in interrogative form 
although he gives as an example of a 
hypothesis “the question—Is cotton 
cord or rayon cord best for synthetic 
rubber tires?” 


Several typographical and other 
errors were noted, of which the fol- 
lowing possibly warrant mention: 


Page 87—-In the last formula, the 
coefficient N; is missing from the 
x; in parentheses. 

Page 88—In the first formula, the 
coefficient N; is missing from the 
x; in parentheses. 

Pages 88-90—In the formulas the 
upper limit of summation should 
be k instead of N. 

Page 195—Mathematically speaking, 
the normal probability function is 
a transcendental function, not an 
algebraic function. 

Page 203—The normal curve in 
Figure 25 is badly drawn. 

Page 232, line 5—The words “when 
the size of the sample n is equal 
to N, the size of the population” 
should be deleted, since the normal 
population is an infinite popula- 
tion. 

Page 461—References. “Camp, H. 
H.” should be “Camp, B. H.” 

Page 500—lines 19, 21, 23. The 
hyphen in “K—estimated” should 

be deleted. 


Page 502—lines 3, 6, 11. The hyphen 
in “K—sets” and “m—ranks” 
should be deleted. 


CONFIDENCE LIMITS FOR THE 
HYPERGEOMETRIC DISTRI- 
BUTION 


J. H. Chung and D. B. DeLury; 
University of Toronto Press, 1950. 
xiii +- 70 charts. Review by S. Lee 
Crump, Atomic Energy Project, 
School of Medicine and Dentistry, 
University of Rochester, Rochester, 
| 

This volume fills the need for a 
useable method of obtaining accurate 
confidence limits for the proportion 
defective in cases where the sample 
includes an appreciable fraction (one 
in twenty or more) of a finite num- 
ber of items. Charts are provided 
for determining 90%, 95%, or 99% 
two-tailed confidence intervals for 
the proportion (or number) of de- 
fectives in lots of size 10,000, 2,500, 
or 500 at sampling rates of 5%, 10%, 
20%, . . . , 90%. Brief introductory 
notes give the method of construc- 
tion and directions for use of the 
charts. Adequate instructions for 
interpolation are included. Unfor- 
tunately the method of construction 
leads to lower limits which are not 
those ordinarily defined. The con- 
venience of the charts is thereby 
partially destroyed. However, a 
simple compensating correction in 
entering the charts is all that is re- 
quired for obtaining the conventional 
limits. This is described in a cor- 
rection inserted after printing the 
book. 

A spot check showed no errors 
beyond the limits indicated by the 
authors. Some of the charts in my 
copy are out of logical order. 


Rochester Society for 

| Quality Control 

innual Quality Control Clinic 
February 19, 1952 


For program details, write to 
Industrial Management Council 
12 Mortimer Street 

| Rochester 4, New York 
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J. M. JURAN, Editor 


ORGANIZING FOR QUALITY ON 
THE FACTORY FLOOR 

We often talk of organization for 
quality control. Usually this is on 
the basis of “top-level” organization. 
(To whom should the quality control 
department report, and the like.) 
But seldom do we discuss the equal- 
ly important problems of organiza- 
tion at the bottom. Yet lack of ade- 
quate organization on the factory 
floor is frequently a contributing 
factor to poor quality and high cost 


There ere two management tools 
which can be of great aid in organiz- 
ing for quality on the factory floor 
One of these tools is the table of 
delegation; the other is the detailed 
description of how the delegated re- 
sponsibilities are to be carried out 


A List of Factory Floor Quality 
Tasks 

The cy cle of production includes a 
series of acts which are directly re- 
lated to quality of product. These 
acts include 
(1) Set up acceptance. This is the 
determination of whether a process 
(machine, assembly line, etc.) just 
set up is in fact able to deliver ac- 
ceptable product. This determina- 
tion usually' decides whether the 
process should commence production 
or not 
(2) Running acce ptance This is the 
determination of whether a process 
is continuing to deliver acceptable 
product. This determination usually 
decides whether the process should 
continue producing or should be 
shut down." 
(3) Lot acceptance. This is the de- 
termination of whether the lot of 
product (made during the interval 
between two successive process ac- 
ceptance checks) may be accepted 
for use in the next operation (or by 
the customer), or should be sorted, 
junked, repaired, etc 
(4) Piece acceptance. This is the job 
of sorting questionable lots to sepa- 

1. Sometimes it may be necessary. for 
reasons of urgency. to run a process which 


delivers a degree of non-conforming prod 
uct 

2. Set-up acceptance and running accept 
ance are two aspects of “process acceptance” 
Some of the terminology here is borrowed 
from L. A. Seder'’s chapter in Quality Con- 
trol Handbook (J. M. Juran, McGraw-Hill 
Book Co., 1951) 
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rate acceptable pieces from non- 
acceptable.* 

(5) Recording of data for process 
control. This is the job of recording 
enough data to provide the informa- 
tion needed for regulation of the 
process so as to achieve defect pre- 
vention. 

(6) Analysis of process control data 
This is the job of summarizing, com- 
puting, and interpreting the data 
collected for process control 

(7) Action on process control data 
This is the job of stopping and/or 
revising the process as dictated by 
the control data.* 


List of Delegants 
The foregoing list is not quite 
complete, but it will do. The ques- 
tion now is, “Who is to do each of 
these seven essential jobs of quality 
control at the factory floor?” This 
leads to a consideration of who are 
the people on the factory floor avail- 
able to do these jobs? The roll call 
of men on the factory floor usually 
includes 
The operator 
The set-up man 
The “patrol,” “roving,” or “ma- 
chine” inspector 
The “bench” or “detail” inspec- 
tor 
The foreman." 


A Table of Delegation 

The problem is now to delegate 
the 7 jobs to these 5 men. A useful 
way to approach this is to prepare a 
two-dimensional table of delegation. 
Table 1 reflects the situation prevail- 
ing in the machine departments of a 
well-known Midwestern company.* 


3. Lot acceptance and piece acceptance 
are two aspects of product acceptance 


4. Recording, analysis, and action consti- 
tute the essential aspects of process control 
5. Foreman is used here in a generic sense 

mean the supervisor on the factory floor 


Correspondence is invited on 
potential contributions or prob- 
lems appropriate for discussion 
in this department. Address 
your suggestions to: 

J. M. JURAN 

195 Beech Street 

Tuckahoe, N.Y. 


There is great value in the disci- 
pline of reducing to writing the 
“understanding” of “whose job it is 
to do what.” On more than one 
occasion I have asked every produc- 
tion supervisor in a plant to fill out, 
anonymously, his understanding of 
how these 7 quality jobs are dele- 
gated. The resultant papers have 
invariably been illuminating, and 
have provided the basis for securing 
real agreement to replace the foggy 
“understandings.” 


The Need for Written Procedures 


So much for the table of delega- 
tion. To write it out clears up the 
question of who is to do w hich job 
But it does not make plain how the 
job is to be done. Here the cardinal 
choice is whether the management 
should: 

(a) Let the man do the job in ac- 
cordance with the dictates of his own 
judgment 

(b) Establish a procedure he 
should follow before he can make 
the decision 

Here again it is well to face thx 
issue squarely. Management must 
decide by deliberate act rather than 
by default whether the men on the 
floor should be guided by procedures 
or not 

There is much inadequacy in the 
procedures’ presently used by indus- 
try for making these decisions. For 
many plants it has become desirable 
that there be spelled out 

(1) The specification, i.e., what 
characteristics must be measured 

6. This table of delegation is shown merely 
as a sample, and not as an example of 
sound delegation. What is sound delegation 
depends on the character of the product. the 


capability of the process. the skill of the 
personnel, and still other factors 


TABLE 1 


PROCESS PRODUCT 
ACCEPTANCE 


ACCEPTANCE 


PROCESS CONTROL 


OT BY PIECE BY 
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SET-UP RUNNING LOT 


OPERATOR X 
SET-UP MAN xX 
PATROL INSP X X 


BENCH INSP 
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INDUSTRIAL QUALITY CONTROL 


(2) The sampling plan, i.e., how 
many measurements should be made, 
how often the measurements should 
be made, etc 

(3) The acceptance criterion, i.e., 
what should be the relationship of 
the measurements to the specifica- 
tion limits (or control limits if ap- 
propriate) 


APPLICATION—CHEMICAL 
INDUSTRY 


MICRODETERMINATION OF 
CARBON AND HYDROGEN, 
C. L. Ogg, C. O. Willits, Con- 
stantine Ricciuti, & J. A. Con- 
nelly, Eastern Regional Research 
Laboratory, Philadelphia, Pa. 
(Analytical Chemistry, v. 23, n 
6, June 1951) 


A collaborative study of the 
microdetermination of carbon 
and hydrogen was conducted to 
find an accurate method suitable 
for adoption by the Association 
of Official Agricultural Chem- 
ists. The results were analyzed 
statistically to determine the 
effects of different variables on 
the accuracy and precision of 
the method This 
analysis indicated that certain 
details of the carbon and hydro- 
gen method should be elimi- 
nated, and that a more simplified 
procedure than is often used 
should produce more accurate 
and equally precise results. 


FURTHER EXAMINATION OF 
REPRODUCIBILITY IN 
CHEMICAL ANALYSIS, J. 0. 
Lay, A.R.I.C. 


(Journal of the Iron and Steel 
Institute, v. 167, n. 1, January 
1951) 


statistical 


A statistical comparison of re- 
sults obtained in the evolution 
of standard chemical and ab- 
sorptiometric analytical methods 
for manganese indicates the re- 
lationship between standard de- 
viation and reproducibility of 
results and the contribution of 
certain factors to the variations 
found. 
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Heretofore such procedures have 
been devoted mainly to problems in 
product acceptance. Today’s prob- 
lems of mass production of precision 
goods require that decisions on 
process acceptance and on process 
control likewise be based on agreed- 


procedures as an_ essential 


upon 


JOSEPH MOVSHIN, Editor 
Assisted by the Editorial Committee, St. Louis Section, ASQC 


APPLICATION— 
METALLURGICAL INDUSTRY 


STATISTICAL ANALYSIS OF 
BLAST FURNACE PRODUC- 
TION DATA, D. S. Leckie, 
Quality Control Engineer, Re- 
public Steel Corporation, Cleve- 
land, Ohio 
(Journal of Metals, June 1951, 
p. 443) 

There are three separate and 
distinct phases or problems as- 
sociated with these studies, the 
first being the selection and 
suitable tabulation of the data 
(must be factual data). Second 
is the systematizing and stream- 
lining of the calculations. Third 
is the interpretation of results 
Fully automatic calculating ma- 
chines help systematize the en- 

Mechanized 

cannot 


tire operation 
mathematics, 
replace the experience, skill, and 
know-how of the operator 
STATISTICAL QUALITY CON- 
TROL, H. H. Johnson, National 
Malleable & Steel Castings Co., 
Sharon, Pa 
(Foundry, v. 79, n. 7, July 1951, 
p. 92) 

This is a lengthy, detailed ar- 
ticle on the use of control charts 
in a foundry. The use of the 
average and range chart and its 
meaning in terms of the process 
frequency distribution is given 
with detailed examples of the 
construction of the chart. 

Tangible benefits resulting 
from the use of these charts are 
noted. 


APPLICATION—METAL 
WORKING 
STATISTICAL QUALITY CON- 
TROL OF METALWORKING 
OPERATIONS, Lester F. Spen- 


however, 


supplement to the experience of the 
men on the factory floor. 


Wherever organization for quality 
control is well worked out on the 
factory floor, there we seldom find 
the need for questioning the organ- 
ization at the top. 


On matters concerning the 
Bibliography Department, send 
correspondence, suggestions, 
and contributions to: Mr. Jo- 
seph Movshin, 9220 Old Bon- 
homme Road, St. Louis 24, Mo. 


cer, Chief Metallurgist, Landers, 
Frary & Clark. 

(Steel Processing; Part I, v. 37, 
n. 7, July 1951, p. 336) 


The control of quality and in- 
spection has become an impor- 
tant necessity in industry. The 
statistical methods of quality 
control are the latest tools in 
this important work. This ar- 
ticle, after a background review 
of inspection, discusses sampling 
procedures, the Dodge-Romig 
Sampling Plans, and the Ord- 
nance Plans 
(Part II, v. 37, n. 8, August 1951, 
p. 382) 

The frequency distribution 
and X & R chart are discussed 
in detail. Illustrated with a 
number of distributions and 
charts 

QUALITY CONTROL CHARTS 
BOOST FORGE-SHOP PER- 
FORMANCE, R. D. Long, Chief 
Inspector, Fort Wayne Works, 
International Harvester Co. 
(American Machinist, v. 95, n 
,ol, Oct. 15, 1951, p. 154) 

Mr. Long attributes longer die 
life, lower forging costs, and 
higher quality to the use of con- 
trol charts in a forge shop. An 
average and range chart on 
forging weights is shown. This 
chart helped improve die life 
Another chart for recording de- 
fects during sampling checks is 
also given. 


APPLICATION— 
MISCELLANEOUS 


PREDICTION & PRODUCTION 
OF SPRINGS BY STATISTI- 
CAL QUALITY CONTROL, 
Erwin E. Schiesel, Technical Di- 
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rector, The Mattuck Mfg. Co., 
Waterbury, Conn 

(Wire & Wire Products, v. 26, n 
5, May 1951, p. 385) 

The author states that his 
company has produced over 7 
million springs for the U.S. Gov- 
ernment. These were accepted 
without 100° inspection  be- 
cause of the use of statistical 
methods of control. Frequency 
distributions and average and 
range charts are used and their 
application to such operations as 
the setting of specifications, test- 
ing, heat treatment, and plating 
are described 


‘ASE STUDY IN THE APPLI- 


CATION OF INDUSTRIAL 
STATISTICS TO PAPER 
MAKING, Charles A. Bicking & 
Richard T. Trelfa 

(Tappi, v. 34, n. 8, August 1951, 
p. 370) 

An extensive article describ- 
ing 5 case studies of actual ap- 
plications of industrial statistics 
to paper making 
The case studies given are as 
follows: 

Control of a paper machine to 
reduce variation in measure- 
ments across the machine as 
well as in the machine direction 
Analyze and portray changes in 
quality on processing conditions 
as a guide for better control 
Comparison of testers to deter- 
mine their ability to reproduce 
their own results and check 
those of others. Also to deter- 
mine the number of tests re- 
quired to check within certain 
limits 

Reduction in the number of er- 
rors made by paper sorters 
Investigation of paper testing 
techniques to identify factors 
which may be improved 


QUALITY CONTROL IN THE 


MANUFACTURE OF CERAM- 
IC DIELETRICS, C. T. Raymo, 
American Lava Corporation, 
Chattanooga, Tenn 

(Ceramic Age, v. 57, n. 5, May 
1951, p. 17) 

The maintenance of uniform 
quality on a satisfactory level 
has been a most difficult phase 
of the ceramic business. The 
application of the tools of statis- 
tical quality control has shown 
considerable progress towards 
the solution of the quality prob- 
lem. Several physical, electrical, 
and manufacturing process vari- 
ables are listed which lend 
themselves to this control. Sam- 


pling and frequency distribution 
as well as control charts are 
mentioned 


ENGINEERING & EXPERIMENTS 


MODERN STATISTICAL SCI- 
ENCE AND ITS FUNCTION IN 
EDUCATIONAL AND PSY- 
CHOLOGICAL RESEARCH, 
Palmer O. Johnson, University 
of Minnesota 
(The Scientific Monthly, 
LXXII, n. 6, June 1951, p. 384) 

Modern statistical design of 
experiments as well as statistical 
analysis of data is essential to 
experimentation research. 
This idea is developed in some 
detail by the author in present- 
ing the role, methods, and aims 
of statistics as a scientific meth- 
od 

Analysis of variance is dis- 
cussed and illustrated along 
with the philosophy of sampling 


theory and practice 


QUALITY CONTROL OF COT- 


TON FIBERS, R. M. Ashner, 
P. O. M. Co., Industrial Con- 
sultant, Werner Textile Con- 
sultants 

(Textile Industries, August, 
1951) 

Better testing of raw cotton is 
recommended as a means of re- 
ducing the gap in cost between 
natural and man-made fibers 
The details of a testing program 
organization, and laboratory 
layout are discussed 


WHY A STATISTICIAN? May- 


nard S. Renner, Asst. Research 
Director, Dewey & Almy Chem- 
ical Co., Cambridge, Mass 
(Tappi, v. 34, n. 7, July 1951, p 
92A) 

A pertinent discussion of the 
need for statistical methods in 
planning experiments and for 
analyzing data. Points out the 
savings in time and cost when 
experiments are properly 
planned 


MANAGEMENT & PERSONNEL 
AIR FORCE QUALITY CON- 


TROL REQUIREMENTS, Ma- 
jor O. C. Griffith, Jr.. Quality 
Control Division, Directorate of 
Procurement and _ Industrial 
Planning, Air Materiel Com- 
mand 

(Technical Data Digest, v. 16, n 
7, July 1951, p. 19) 

The USAF quality control ac- 
ceptance requirements are based 
largely upon the contractor's 
maintenance of a production, in- 


INDUSTRIAL QUALITY CONTROL 


spection, and quality control 
system that will produce and 
insure the quality desired. Com- 
plete product inspection is then 
not necessary. Surveillance over 
the contractor's system, and lim- 
ited inspection of items to verify 
the results of the system are 
used. The reasons for, and the 
philosophy of, this approach to 
military procurement are devel- 
oped in this article 

The October, 1951, issue of 
“Tooling and Production” (page 
82) also has this article 
“OUR STEPS IN MAINTAINING 
BETTER QUALITY, Ralph B 
Bryan 
(Machine & Tool Blue Book, v 
47, n. 8, August 1951, p. 255) 

Quality standards, basically a 
question of management deci- 
sion, must be understood by all 
who have contact with the fac- 
tors of control of quality. Co- 
operation and understanding be- 
tween supervision in the various 
departments as well as with the 
workers is essential. 


MISCELLANEOUS 


1TH ANNUAL QUALITY CON- 
TROL FEATURE ISSUE 
(Tooling & Production, v. XVII, 
n. 7, Oct. 1951) 

This issue contains a series of 
articles on industrial apprecia- 
tion of Quality Control. 

These include: 
“BEARING DOWN ON QUAL- 
ITY”, A. V. Toth, Cleveland 
Graphite Bronze Co 
“FORD INDICATES THE WAY 
TO QUALITY”, Roscoe M 
Smith, Ford Motor Co 
“PROFITABLE EXPERIENCE 
IN QUALITY CONTROL”, Leo 
Harrington, King-Seeley Corp 
“GEARS OF EXCEPTIONAL 
QUALITY”, H. S. Gist, Nash 
Motors 
“CONTROLLING PRECISION 
GRINDING”, R. E. Penney, New 
York Air Brake Co 
“WHO IS RESPONSIBLE FOR 
PRODUCT QUALITY?” Joseph 
Manuele, Westinghouse Electric 
Corp 
“AIR FORCE QUALITY CON- 
TROL REQUIREMENTS”, Lt 
Col. O. C. Griffith, Jr 
“THOMPSON TRAINING 
PROGRAM IN QUALITY 
CONTROL”, James V. Strela. 
MILITARY EMPHASIS AT 
QUALITY CONTROL CON- 
VENTION, H. H. Roberts. 
(Automotive Industries, v. 104, 
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This is a report of the Fifth 
National Convention of the 
ASQC at Cleveland, May 1951 
In addition to a review of some 
of the convention activities, ex- 
tracts are given of three papers 
that were presented during the 
technical sessions 
Those are: 
“QUALITY CONTROL ELIMI- 
NATES UNNECESSARY OP- 
ERATIONS”, Roscoe C. Byers, 
Westinghouse Electric Corp. 
“QUALITY CONTROL IN 
PARTS MANUFACTURING”. 
E. F. Gibian, Thompson Prod- 
ucts, Ine 
“PEOPLE, PISTON RINGS, 
AND QUALITY CONTROL,” 
Carl E. Hoover, Perfect Circle 
Corp 

MODEL DEMONSTRATOR 

SHOWS VALUE OF QUALITY 
CONTROL CHARTS 
(Steel Equipment & Mainte- 
nance News, May 1951, p. 14) 

Visual aid combats “I don't 
need high-powered mathematics 
to run my department” attitude 
by comparing probability against 
quality control charts. The qual- 
ity control demonstrator is pat- 
terned basically after an old 
museum and university curios- 
ity known as the “Statistical 
Quincunx”’, invented by Sir 
Francis Galton in the latter part 
of the 19th century. (“Quin- 
cunx”, derived from Latin 
meaning “five ounce”.) 


STATISTICS 

ON UNIFORMLY CONSISTENT 
TESTS, A. Berger 
(Annals of Mathematical Statis- 
tics, v. 22, June 1951, p. 289) 

RELATIONS BETWEEN MO- 
MENTS OF ORDER STATIS- 
TICS, R. H. Cole 
(Annals of Mathematical Statis- 
tics, v. 22, June 1951, p. 308) 

SOME OBSERVATIONS ON THE 
PRACTICAL ASPECTS OF 
WEIGHING DESIGNS, K. S 
Banerjee 
(Biometrika, v. 38, June 1951, 
p. 248) 

USE OF SYSTEMATIC 5 
SQUARES, O. Nissen 
(Biometrics, v. 38, June 1951, p 
167) 

TWO METHODS OF RANDOMI- 
ZATION IN STATISTICS AND 
THE THEORY OF GAMES, 
A. Wald & J. Wolfowitz 
(Annals of Mathematics, v. 53, 
May 1951, p. 581) 
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FOUR OPTICAL AIDS 
to ye you SAVE MATERIAL 


CONTOUR 
MEASURING PROJECTOR 


Save time and money—more accurate 
measurements than with any other pro- 
jector! Angular measurements to +1 
minute of arc, with protractor screen. 
Direct linear measurements to + .0001” 
over 4” x 6” range, with cross slide stage. 
Spot inaccuracies quickly and simply. 
Compare production-run parts directly 
with a traced outline of the projected 
image of the master part, or with a 
large scale drawing superimposed on 
the screen. Catalog D-27. 


TOOLMAKERS' 
MICROSCOPE 


Linear measure- 
ments to ~ 0001"; 
angular measure- 
ments to * 1 minute of arc, with 
protractor eyepiece. Simple, quick 
measurement of opaque and trans- 


parent objects of any contour. 
Catalog D-22. 


= 
Now you can 

have “laboratory” ac- 

curacy of 0.000001" in the deter- 
STEREOSCOPIC mination of flatness and parallelism 
of reflecting surfaces . . . with pro- 
WIDE FIELD duction-iine simplicity and speed. 
MICROSCOPES So simple that an unskilled operator 
can take measurements after a few 
minutes of instruction. Two sizes are 

Sharp, three- available. Bulletin D-224. 

dimensional, un- 


reversed images. 

Speed and accuracy in small mae WRITE for full information on these 

s four important optical aids, to help 
assembly operations, inspection of you save time and money. You may 
tools and finished parts, and preci- be paying many times over their cost 
sion machining of small parts. 15 in lost time and rejects. Bausch & 
models, widely used in industry. Lomb Optical Co., 795-13 St. Paul St., 
Catalog D-15. Rochester 2, N. Y. 
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FROM THE SCRAP-BOX 


Mr. J. Dunlap McNair (Muncie 
Section), of the Indiana Steel and 
Wire Company, submits the follow- 
ing contribution which he suggests 
appear as a Letter to the Editor, 
“thus putting the opprobrium on the 
character who wrote it, rather than 
giving it full status as a Society pro- 
nouncement.” 


Did you ever know a man who could 
not pronounce his own name? Prob- 
ably not. 

Did you ever know a man who could 
not pronounce his own business or pro- 
fession? Probably so if you know very 
many people engaged in Statistical 
Quality Control. The word Statistics 
and its derivatives cause many twisted 
tongues 

Statistical Quality Control is an un- 
fortunate title for a profession. No ad- 
vertising man would have permitted 
such a name to have been used, because 
of the difficulty of saying it correctly 


Shortening the term to Quality Con- 
trol leaves much to be desired. It asks 
for the uninformed answer, “Quality 
Control—sure, we have controlled qual- 
ity for forty years” 

Until some better name, fully de- 
scriptive and more easily pronounced, 
is accepted, the full name is to be pre- 

] ferred 

The crying need, then, is for correct 
pronunciation of Statistical (and Statis- 
tics and Statistician) 

Careful visual inspection of the syl- 

. lables should prove that any normal 
tongue can produce the word. Just 
watch where the “S” sounds belong 
and keep them there 

It is entirely probable that many of 
those who say “stastistics” do not realize 
it, so it might be instructive for every- 
one using the word to look at it with 
a skeptical eye to be sure that he is 
giving it only its allotted number of “s” 
sounds 

It is unfortunate that not one speaker 
but several in any ASQC program or 
conference should fall into this error, 
while the movement is struggling to 
become a profession 

While we are on our soap-box, two 
other terms come to mind that should 
be more carefully managed. One is 
“data”, on which all our fine statistical 
methods are put to use. It is not 
“datta”, it never was, and God and 
Webster willing, it never shall be. It is 
“date-a”. Check it for yourself or take 
our word for it 

Lastly, and here some argument will 
probably arise, let's standardize how we 
read or say X: X-Bar or Bar-X 
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BAR CHART OF ASQC MEMBERSHIP BY SECTIONS AS OF OC- 
TOBER 30, 1951, WITH PERCENTAGES SHOWING COMPARISON TO 


JUNE 30, 1951. 


(Does not include Members-at-Large or In-Training) 


Total membership as of October 30, 1951 was 3875, or 91% of last year's total 
» added 1035 new members since June 30. Only 67% of our old 
Membership Committees in 


We have 


members had paid their dues before October 30 
the Sections can reduce delinquency by organizing to make personal contacts 
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& 1 
NN 
Fier 
. 
W 
0.06) 
- — ANY 
MEMBERSHIP 


ce of the deadline. Plan your work, then work your plan. 


Robert S. Inglis, Chairman 
Committee on Membership 
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Without any statistical data to con- 
firm it, we would say the majority 
prefer X-Bar, although there is a con- 
siderable minority of Bar-X. 

We say X-squared, X-prime, X-sub- 
1, X to the nth power. Why should we 
suddenly switch to the name of a ranch 
in a Grade B western movie, the 
Bar-X? 

But let’s everyone agree to go along 
Terminology is no place to let individ- 
uality creep in. Everyone calculates it 
by the same, or mathematically equiv- 
alent, methods. Why not all call it the 
same? 

And please don’t say this sounds aca- 
demic and pedantic. Professional stature 
for the practitioners of a new field of 
science will be harder to attain, the 
longer the terminology is either incor- 
rect or not standardized 


FILM REVIEW —“Quality Control 
by Statistical Methods MN6621A and 
B”. Department of Defense, 16 mm 
Sound. Prints Available U. S. Office 
of Education. Review by Professor 
John A. Henry, University of Illinois 

This is a two-reel presentation of 
statistical quality control prepared 
for the training of Navy procurement 
personnel, each reel being approxi- 
mately 17 minutes in length. They 
are rather elementary in nature, 
with some application of the chart 
for measurements and acceptance 
sampling, but with little basic theory. 
They would be suitable for an in- 
troduction to in-plant training pro- 
grams and extension courses, and to 
a promotional type of sectional 
meeting of the ASQC. 


MN6621A—PROCESS QUALITY 
CONTROL deals almost entirely 
with the chart for measurements, 
with a little on the normal distribu- 
tion and a flash of the fraction de- 
fective chart with no explanation 
This film stresses the importance of 
corrective action on out-of-control 
points. It deals in generalities on 
such topics as the relation of specifi- 
cations to control limits, modified 
limits, and stratified sampling. No 
attempt is made to discuss the rela- 
tionship between individual readings 
and averages of samples 

MN6621B—-ACCEPTANCE SAM- 
PLING is in general a better film. 
reflecting the interest of the armed 
forces in procurement. It starts with 
a brief review of process control and 
discusses the economic realities of 
acceptance, rejection, and screening 
of lots. A good case is made for care- 
ful inspection of a sample as com- 
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What Does Belong- 


in this Picture? 


PROFILOMETER 
NORTON SCHOOL OF GRINDING 


Shown above is a customer group attending the school of grind- 
ing of the Norton Company, Worcester, Massachusetts. Here the 
latest grinding machine developments are explained to repre- 
sentatives of a number of the country’s leading industrial firms. 


One piece of equipment appears in this picture... the Profilom- 
eter. Obviously, in a discussion of modern grinding techniques, 
an accurate knowledge of the surface finishes that are secured 
is of primary importance. Norton Company recognizes the 
Profilometer as the instrument which does provide dependable 
roughness ratings in microinches RMS-—the accepted standard of 
measurement throughout industry. For that reason, the Profilom- 
eter does belong in this picture—and on this conference table. 


To the men who attend these sessions, the value of the Profilom- 

eter increases immeasurably when they put it to everyday 

use in the production departments of their own plants. There 
it becomes a part of routine grinding and other 
machining procedure . . . a means to secure 
exactly, quickly and easily the information de- 
sirec on surface finishes. That is why you find 
it “in the picture” in their companies and 
wherever quality control is a consideration, 


To learn how the Profilometer can belp cut costs in 
your production, urite today for these free sulletins, 


) Profilometer is a registered trade name. 


PHYSICISTS RESEARCH COMPANY 


Instrument Manufacturers 


ANN ARBOR 2 * MICHIGAN 
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pared with superficial 100 percent ferred to, but some shots are made film closes with an effective skit on 
inspection. Classification of defects of the JAN-105 tables. The operating vendor-purchaser relations. The 


is presented, and mention made of characteristic curve 
Multiple sampling is acceptance by variables is 


acceptable quality levels. The MIL- not explained 


is shown, but AQQL concept is not mentioned, but 


STD-105A tables are specifically re- rather cleverly presented, and the 


HOW EFFECTIVE IS 100° INSPECTION? 


Contributed as an item used on the program of the Indianapolis Section at its “Kick-Off Meeting”, September 18, 1951. 


Industry has been laboring under the impression that 
100% inspection gives complete assurance that lots sub- 
mitted for inspection will be effectively sorted. 


Herewith are 450 random three digit numbers. Assume 
that numbers in the range 851 through 900 inclusive are 


defectives. Go through this “lot” once only and see how 
effectively you can sort out the defectives by check- 
marking each one you find. Allow a maximum of three 
minutes to complete the inspection and get the total 
number of defectives you found. Compare your total 
with the correct answer on page 50. 


| 
4 
4 
Hib. 921 250 401 976 121 931 084 135 980 428 . 
TN 335 142 212 842 282 741 102 418 924 039 # 
Feb t 867 499 018 496 589 317 233 381 802 534 re 
612 066 927 222 975 211 952 217 027 398 i 6 
ro 348 893 048 826 241 306 031 130 511 286 
or 763 952 862 501 877 996 868 497 892 057 Re 
a 726 240 548 655 566 285 818 168 339 336 = 
a: Bey 163 824 321 659 840 869 749 481 071 519 ci 
830 005 048 960 745 105 000 941 357 655 ae} 
SET? 836 903 857 701 436 065 589 010 329 548 
oh 669 694 623 459 203 856 120 865 285 588 
i ecm 808 44 999 972 868 685 124 087 676 190 aft 
* oom 631 000 298 526 684 774 797 753 643 169 na 
Te | 230 928 563 137 649 101 194 828 103 322 ae 
a 483 588 637 632 572 459 293 074 803 481 Re: 
108 685 213 691 120 502 835 122 362 556 7 
RS oe 704 807 865 878 848 775 658 199 298 055 f 
AY al 770 445 079 672 226 741 216 653 051 411 .. 
me hen ha 734 019 267 479 654 794 897 965 998 997 sf 
960) 890 786 648 477 272 035 164 131 
Th 765 369 941 482 992 172 922 342 732 093 4 f 
; 424 726 000 245 462 650 811 O44 049 127 ria 
We. 178 202 199 170 115 033 926 792 634 449 ais 
Eo, 240 006 747 163 154 822 165 084 680 251 ¥ 
A 800 325 827 305 761 195 605 994 360 704 Twi 
026 326 604 861 097 311 504 677 828 959 it 
069 158 228 277 306 315 304 277 224 154 ae 
: 065 957 830 634 519 335 133 912 672 414 ee 
138 B44 532 202 854 189 160 705 287 852 Py 
* 400 930 444 940 420 883 330 759 173 570 Say 
x 951 315 664 997 313 614 899 169 123 661 af! 
092 285 462 624 771 04 021 124 212 
’ 285 344 389 119 434 136 423 396 356 301 atte 
232 150 053 943 820 683 532 368 191 796 poate 
. 579 349 160 850 581 299 004 697 377 O44 * 
a #99 341 971 588 194 787 367 936 192 037 34 
q 569 090 599 096 581 054 516 966 105 832 
Gia 248 652 045 427 797 156 505 842 167 182 3 
ia 786 079 362 633 84 144 383 611 829 037 
: ae 234 420 597 762 918 063 198 323 137 542 ee 
er 636 721 795 860 914 959 994 019 034 040 
A feet 036 022 999 966 924 872 811 741 661 572 
He re 473 365 248 122 987 842 689 526 355 174 Bi 
iio 985 787 579 363 139 905 663 412 152 884 Dy) 
3 607 321 027 725 414 094 766 430 086 733 ‘PS 
PEE 
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ASQC NOW AN AFFILIATED 
SOCIETY OF AAAS 


In August, 1950, the American So- 
ciety for Quality Control was invited 
to consider the desirability of joining 
the American Association for the 
Advancement of Science (AAAS) as 
an Affiliated Society. After due con- 
sideration of this invitation by the 
Executive Committee and some ex- 
change of correspondence involving 
matters of information of mutual in- 
terest to both ASQC and AAAS, ar- 
rangements were completed provid- 
ing the status of Affiliated Society in 
AAAS to ASQC. 


AAAS was organized in 1848, in- 
corporated in 1874, and is the oldest 
general national scientific society on 
this continent. Purposes for which it 
was established are: 


To further the work of scientists. 

To facilitate cooperation among 
scientists. 

To improve the effectiveness of 
science in the promotion of 
human welfare. 

To increase public understand- 
ing and appreciation of the im- 
portance and promise of the 
methods of science in human 
progress 

As an Affiliated Society of AAAS, 
ASQC assumes no obligations other 
than lending its name in support of 
the above objectives. Among socie- 
ties appearing as Affiliated Societies 
of AAAS, members of ASQC will 
recognize the American Ceramics 
Society, the American Institute of 
Electrical Engineers, the American 
Society for Engineering Education, 
the American Society for Testing 
Materials, the American Society of 
Mechanical Engineers, the Institute 
of Radio Engineers, the American 


AMERICAN SOCIETY NEWS 


Statistical Association, and the In- 
stitute of Mathematical Statistics, to 
mention a few. 


Miss Besse B. Day, Director for 
the Middle Atlantic Region, ASQC, 
and a Fellow of AAAS, has been 
appointed as the Society's official 
representative on the AAAS Coun- 
cil. Because of the broad coverage 
of fields of interest in ASQC and 
the fact that at present there is no 
Section of AAAS specifically en- 
compassing our field, the Society is 
requesting assignment to the Engi- 
neering Section 


The American Society for Quality 
Control is proud to have joined 
hands with its fellow professional en- 
gineering and scientific societies in 
the capacity of an Affiliated Society 
of the American Association for the 
Advancement of Science. 


NEW SECTION IN ALBANY 


The Society wishes to extend a 
warm welcome to all the members of 
the Albany Section, which was ad- 
mitted on November 17, 1951, as the 
fifty-fourth Section of the Society. 
Officers of this Section are as fol- 
lows: 


National Director, F. E. Satter- 
thwaite, General Electric Co. 

Chairman, Edward L. Bauer, Win- 
throp-Stearns, Inc 

Vice Chairman, R. R. Jones, Bige- 
low-Sanford Carpet Co 

Secretary, J. L. Dolby, General Elec- 
tric Co. 

Treasurer, Hyman Stein, Star Wool- 
en Co 
In accordance with the request of 

this group the Section has been as- 

signed to the New England Region. 


1955 NATIONAL CONVENTION 

Specific arrangements have been 
made in connection with the Ninth 
ASQC Convention in New York 
City. Headquarters will be the Stat- 
ler Hotel, and the dates will be May 
23-26, inclusive, 1955. 


EXECUTIVE COMMITTEE MEETS 


The Executive Committee of the 
Society held meetings at the Hotel 
Sherman, Chicago, on November 17 
and 18, 1951. Important highlights 
from the meeting are listed below. 


The report of the Executive Secre- 
tary on membership status as of No- 
vember 15, 1951, showed a total of 
4,275 members compared to 4,245 as 
of June 30, 1951. Of this total num- 
ber, 3,094 are renewing members 
73°. of last year’s total, and 1,181 
are new members. Such extremely 
rapid growth imposes not only many 
physical problems of keeping abreast 
of things in our National Office, but 
also difficult problems of an organ- 
izational and planning nature upon 
the Society executives. 


The report of the Treasurer for 
the period of July 1-November 15, 
1951, showed that with 3742°% of the 
fiscal year behind us, total income 
amounted to 76° of the amount 
budgeted for the entire year, while 
expenses amounted to 36% of the 
annual budget. 


The Vice President held a concur- 
rent meeting with the Chairmen of 
the Society General Committees and 
the Special Assistant to the Presi- 
dent on Technical Committee Co- 
ordination. This meeting laid the 
groundwork for special programs of 
our various committees, programs 
which will be instituted at once, as 


ASQC Convention—38 Papers 


—16 Papers . 


Ave., South, Rochester 8, N. Y. 


PUBLICATIONS AVAILABLE 
“Quality Control Conference Papers”’—Fifth Annual 


“Proceedings”—Middle Atlantic Regional Conference, 1951 


ASTM Manual on Quality Control of Materials (Revised 
Edition). Available to ASQC Members . 


Hamilion Standard Lot Plot Plan—a reprint 50¢ per copy 


Make remittance payable to: American Society for 
Quality Control. Order from: Alfred L. Davis, 65 Plymouth 


$3.50 per copy 
$2.50 per copy 


$1.50 per copy 


sible 


REQUEST TO AUTOMOTIVE INDUSTRIES 

The Automotive Technical Committee, ASQC, is ma- 
neuvering into a position where it can be of service to the 
automotive industry by handling requests for technical liter- 
ature on quality control applied in the automotive field. 
Building an adequate file of case histories is a big project 
We are, therefore, requesting automotive manufacturers and 
their suppliers to contribute as many case histories as pos- 


Please send all literature to 
W. H. Coughlin, Thompson Products, Inc 
23555 Euclid Ave., Cleveland 17, Ohio 


JANUARY, 1952 
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well as some long range plenning for 
Society activities 


Last year the membership regis- 
tered “approval of intent” that the 
Society should have more than one 
Vice President, the exact number to 
be at the discretion of the Board of 
Directors. The Constitution and By- 
Laws Committee has drafted the 
changes necessary in our Constitu- 


Pid tion to implement this mandate, and 
; these were carefully reviewed and 

" approved by the Executive Commit- 
tee. Three other By-Laws recom- 
ae mended by the Constitution and 


By-Laws Committee were similarly 
reviewed and approved. All these 


As our Society continues to grow 
larger and gain more experience, it 
naturally tends to outgrow certain 
phases of its Constitution. Modern- 
izing changes will constantly be in 
order for a Constitution which was 
drafted to govern a much smaller 
Society 


Answer for page 48: 25 


POSITIONS AVAILABLE 


Address all replies to bor number references 
to: American Society for Quality Control, 
Room 5036, 70 East 45th Street, New York 


QUALITY CONTROL ENGINEER- 
Graduate E.E., M_E., or ChE. experi- 
enced in setting-up quality control sys- 
tems for products in pilot-plant, pre- 
production and production stages. 
Knowledge of SQC essential. Medium 
sized manufacturing company, eastern 
location. Please reply to 8K1 at above 


‘ now go to the Board of Directors for 
a their review and, if endorsed by that 
, Board, the items requiring Constitu- 
a Os tional changes will be presented to 
to the Membership for ratification at 
a the time of the 1952 balloting for 
officers iddress. 
New! 

CONTINUOUS 
| 
SAMPLING 


MONITOR 


Now vou can keep track of complex 
inspection techniques with the Con 


tinuous Sampling Monitor . . . newest 
addition to the General Electric line 


of instruments developed to improve 
your quality control program 


By recording units accepted and re- 


jected, the Continuous Sampling Mon- 


CONSULTING SERVICES 
Responsibility of the American Society for 
Quality Control, Inc., for Consulting Services 
advertising is limited to certification that ad- 
vertisers hold the grade of membership in the 
Society stated in their advertisements. Qual- 
ification requirements for the several grades 
of membership are set forth in the Constitu- 
tion of the Society. 


Management Controls 


FOUNDED IN 1945 


References and Literature on Request 
699 Rose Ave. 
Des PLatnes, ILL. 
Vanderbilt 4-6533 


Senior Partner: 
E. JONES 
Fellow, ASQC 


Consulting Services in Quality Control 
RALPH E. WAREHAM 
Fellow, ASQC 


Telephone 
Chappequa 1-0715 


122 Orchard Ridge 
Chappaqua, New York 


G-E Continuous Sampling Monitor used in plant of large eastern appliance manufacturer. 


itor informs the inspector whether 
periodic sampling, or inspection 


is required 

The AOQL (average outgoing qual 
itv limit) ts thus msured by maintain 
ing correct inspection techniques 
@ Ends “paperwork” by inspectors 
@ Reduces inspection time 


Insures Your Average Outgoing Quality Limit 


Look into the advantages of a Con 


tinuous Sampling Monitor. Try one 
on your production line and see how 
vour quality control improves! 


Contact your nearest G-E Sales 


Othice, or write Sect. 687-77, General 
Electric Company, Schenectady, 


New York 


GENERAL ELECTRIC 


INDUSTRIAL QUALITY CONTROL 
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YOU CAN 
CHECK IT 
FASTER 


with Precision Made 
Jones & Lamson 


With these charts many Difficult Inspection 
Operations Become Routine Jobs. 


They ore Invaluabie Accessories that Add 
to the Economy and Versatility of the 
Comparator. 


Top Quality Materials, Expertly Proc- 
essed, assure Uniform Density of Lines 
ond provide Maximum Contrast Between 
Outline And Image. 


Made To Precision Standards Of Accu- 
racy established during more than 30 Years 
Of Specialized Optical Experience. 


Write to Dept. 710 for your copy 
of our New Chart Catalog No. 471. 


JONES & 
LAMSON» 


MACHINE COMPANY 
Springfield, Vermont, U.S.A. 
MACHINE TOOL CRAFTSMEN SINCE 1835 
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the double-duty micrometer! 


You're in for a real surprise the first time you 
use a Federal MIKEMASTER! You'll be amazed 
at the honest-to-goodness convenience and down- 
right accuracy of this indicating micrometer. 
You'll like its double-usefulness, too — the way 


Actual test proves the MIKEMASTER eliminates 
errors of “feel”: 

Four people, using a high grade conventional micrometer 
measured the same diameter on the same piece three umes 
All measurements differed from 0002" to 0008". Only 
one measurement was correct. With the Mikemaster on 
similar test aii measurements but one were exactly 
“on the nose” and this one showed less than 0001 
Variation. 


you can use it as an indicating snap gage for 
measuring duplicate parts. 

Here are the Sig features that make this tool far 
superior to regular old-style “mikes”: 


@ BUILT-IN DIAL INDICATOR with clear graduations 
and easy-to-set Tolerance Hands for quick size 
checking down to a .0001 

@ CONSTANT ANVIL PRESSURE that eliminates errors 
of “feel” .. . insures the same high accuracy no 
matter who is measuring with the Mikemaster. 

@ RETRACTABLE LOWER ANVIL for easy (non- 
scratching) insertion of workpieces when check- 
ing duplicate parts or inspecting for taper and 
roundness. 

You have to handle the Mikemaster yourself 
to fully appreciate what it can do for you. Write 
for a free demonstration. FEDERAL PRODUCTS 
CORPORATION, 1151 Eddy Street, Providence 
1, Rhode Island. 


Largest manufacturer devoted exclusively to designing and 
manufacturing all types of DIMENSIONAL INDICATING GAGES 
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